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What Is ttie Secret of the Materials? 

It 3 3 ll a metier of ingredients, method, conditions, processirg and timing. A car is 
made up el around 30.100 cumpiwients composed of iron, nan-ferrous metals, glass, 
resin and rubber. 


The iron and ether rwr-fe*rous metafls were made biltlons el years age. before our sun 
was creeled, perhaps when a slar collapsed in a distant corner cl some lar-olf galauy. 
Helium is created by the nuclear fusion cf hydrogen inside stars, bul when the 
hydrogen is exhausted the helium also undergoes nuclear lusion. producing any gen 
and carbon. According to Ibe latest theories, certain stars cnnlract when Ibis happens 
and their cure temperature increases. When il reaches 7D.U. l llDll 1 (ltl0 o, C. nuclear luswn 
ol the carhon creates neon, aluminium and magnesium, and when it reaches 
S.CJUQUQirC. the neon gives rise to silicon, sulphur, argon, calcium and titanium. 
Then finally, at S.CDD.DflO.OOrC. iron is horn. Iron does not undergo nuclear Fusion, 
arid is therefore the ultimate result of this chain reaction, 


The ex plosion caused by a supernal throws out 26 types of mailer into space as high 
temperature gases, and it is From Ihis cocktail nf gases thal our sun was horn. 
When the Earlh was created, iron sank deep beneath the surface to form the cme. but 
the Lighter, non-ferrous elements such as aluminium, magnesium and silicon stayed 
Heating - on the surface, where they hardened. The meteorites that constantly fell to 
Earlh during this time also brought iron to the planet's surface. The layer pi silicon 
coating the surface was gradually worn. away, eventually forming sand, white the iron 
and non-Ferrous metals oxidised. Forming deposits of rock. 

Iron-working is Ihe process ol cullecting this rock and removing the oxygen to create 
pure iron. Iron Uiet contains carbon is known as steel, and makes up more than 7Q% 
of a car's components. The sleet used to create Ihe body panels is Haltered iota 
sheets, or ‘cdld-rallef using huge rotters. 
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T h e secret of the s j b & t a n -c e . The secret o f the car. 
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Engire parts and gears that require high strength and durability are produced to the 
exact farm and dimension required by processing alloys made with various other 
elements, including carbon, vanadium and molybdenum. and using a number of 
methods. These include casting, where the metal is melted, relumed and t1)«n 
ceolid; forging, where the metal is heated and beaten inlo shape: torn rolling, where 
pressme is used to form the metal inlo a shape; and machine tooling, where lire 
metal is nil into shape using a blade spinning at high speed. 


Aluminium is created by separating out altominium (Hide from an ora called bauxite, 
and then using an electrolytic refining process to extract ihe malal itself. Around 8% 
ol a cot is made up of lightweight aluminiom allays, which are mainly osed Tor Ihe 
engine and transmission casings, parls of the subframe and Ibe suspense arms. 
As well as casting and forging, die-casting. Where the molten metal is injected at high 
pressure into a mould tu create thinner parts, is also eommpiily used. 


Silica sand is the white sand found in the desert, and when meltod at UQIH il 
creates Ibe transparent material we know as glass. Materials from the living world 
are also nsed to create components for these high tech machines. For example, the 
rubber used to make lyres comes partly from a rubber tree. This robber is then 
combined with nil made up of hydrocarbons to improve open its natural 
characteristics and gal Ihe best of both worlds. 


Interior parts, exterior parls. noise-redodng materials, seals, hoses, pipes and tyres - 
a considerable proportion ot a car is made from rubbei and resin. All ol these 
resources ware inherited from nature, from Ihe universe and our planet, but withuot 
mankind they would have remoiood unused and unvalued. Tbe secret of the car is the 
distillation of human resourcefulness - it is human ingenuity in crystallised form. 


Rei-ichiro Fuknnu 

Mi Rei-icliirn Fukuno is an automotive journalist 
who specialises in automotive history, production 
luclmology. motion dynamics and car restoration, 
llis automotive credentials are hacked up by his 
ml knowledge and precise research on Ihe 
subject. This knowledge, matched with his Crisp 
willing style, has earned him many followers, 
lie is also deeply familiar with military topics. 
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C,RW TURISMOS 


Let’s start by tuning ihe M badt by mere than a century. Karl Bear applies tv have a new patent Festered at the German Imperial Patent OffiCft. ami 
the mndetn automobile is bare, Since then, the development of the petrol-povrcred automobile has foCtnwed a course beyond lire wild rat dreams af its 
pioneers. thriven an by tfie invefttiorrs and innovation of countless eng ineers. Hie history of tbe modern automnbBe has taken ait manner of twists and 
turns, Let's take s daser Look at hew it all unfolded. 




racing the Roots of One of the Century's Most Significant Inventions 


Steam Power to the Internal Combustion Engine 


Thi«e itd a fijiiaSiraS ccnise!?'^ Ihf^s .'o^Seiipg. .*0 ^ijraied 
the isv first petol-?swen£ £ ^Jnobite. tot the nosl plM&le 
cand'Jsts if Sar. fleciwhh t>i Ihre^sdS Mcfawassi. Steering 
wj* aftiieveij.tr rnfaqs of 3 stuff Si-tawn as a" tjUn whif 
contraltos (i« from woMs. Beni's autnrrehiLs c<=atd Jiavcl si 

i:er:: ■ l>. V 


’lie tirsl element of the modern aetomobitecrobtod by irsati was the wheel it is 
■said that raav lirstiiivented the wheel; nlGOU BC i:i the vicinity of the Black Sea. 
when it wav used las carts pulled by Ihcms and cows. The horse drewn cast Erf 
(HrlEctilaf played art important rote in Inmn transportation fight ’toouyih to (he 
i ll; Live <:'-rr ::n:r- one itsspeedam' :cT.fck. 


When the Industrial Rcv-alislion began in Britain .in the IStli ifcnjory. a raw source 
i! pcwer came So people's attention. Ibis was the steam engine, which 0 -tilted 
II;3 belling and ccsling of water for propulsion. Yetiid.es wore titled with steam 
engine* In the 1820 s. and in cities Jike, London, steam -pvwcred passenger hoses 
began ho aopeaf on the streets, At that, lime however, M pntential beee-its of Ibe 
.lulvmobiLe ware still not fatly grasaod. the roosi extrema example of ‘he 
laiture to roatise'this palsntiet was the enectmcnt of Hie Rad Flag- Act in Britain 
n ISfiSi This made k eomputseiy tor someone Jv walk ahead of each rm'amoliile 
haiding a led flag, in order to prevent tlrom from scaring horses or caniaye 
drivers.- Essentially, this taw mean! that aMvb'Ues were lorbiddea tc "(aver 
foster Mien wajtking pace. Ine Rail Fiae Act served-lo hincm Ihe eevalopmeot vf 
the autamcbsle in the UK. and resulted in it felling behind olliar countries. 


Meanwhile, in the Usikao States and mainland Europe, the steam staging was 
lained- by trie invention of the electric rictu and pa'ict-powercd engina. altowii-g 
iicilomvfiil'p development la progress in leaps and bounds, The German irvanto? 
Nikoteus Dtio created *be first four-stroke internet-combustion engine i r jMj. 


; in: ■"« .■ tie''i::cr-iarwge 

the hnr struts used tv IM Wtc Enjtfie wars jUej compress:un. pnwei and 
exhaust - less scientifically known as "sock. .squeeze. bong ami blew. It was 
Lins iaeredib'y efficient invention tiiat led to explosive growth in She popularity of 
the poire powsred eng he. 


Because 0J this growth, by If 30 . vehicles pewesei? by steam, electric motors and 

petrol wars .all competing te.pAvro thamseivas the most efliicscnl. but in IflOJL 

when vast, reserves of oil were discovered id Texas, itwss the begieatnj 0! the 

end for the olher cvmpctilvrs. As soon as cheap petrol became widely 

available, must engineers focused lhe : r efforts on developing super in? 

petrol- powered niilamohaLas. and the curtain was raised An Hie ere cf the sutcroel 

c t-rvAs: cn ricrc. 
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looking track on the -histojy of ibetpetrgl-powered automobile, there are clrne.e Patent •Kotorweaen 
•engiflCsrs whose contributions <um- fondsmontol. Tioy ox^ Gottlieb S^jml&r, completed Itiefr to 
Wilhelm Maybach and Xarl Ban;, in 1886. Benz registered tbs patenL far the parent registered. II 

petrol-propaUed motor, eebicie, a 'three-wlieeled automobile ton as .-.he Benz histniy of Hie petrol: 


.. .. . 


Tiie Asteui o E the ft u t»ffl n b i L e 


he Beginning of the Autom 


By the 1 ?29s. -aiilofliobile -nce«;to|n to be held, and these earlj; s 


f 

it 


i hose racK ware manufi 


i°a in au.lanio.fc.vefenntiwjy Compstinrjj| 
lufcciurera such as Atss Romes, Bugalli and Mn^ley. 1 For. ' 

if -.'!7.n G ,•/.<» !a W« Mill* Mi* a 



Mass-Production and the Birth of the Popular Automobile 


i nifll, cars iiad bean sitdivideally band-lniilt. aad'were.ao exlfecR?ljfe.<4usi«e;aB.!l 
xpensivs fotf of tcajisperteticn, iioi Faid succeeded in rntrodycing'lbe-convsyaT 
lie It manutetui ing.syslemi rand was-aftle. to bring mdter vehicles t| tile masses. 
By 1927, the number of Kdial ? auldropes-.Fofd had manufactured readied 
fteaft fnil.'e'i. meMitg'il by far.(tie.world's best-settino car 


By (lie TJ3Gs, even iii Igrbpe, (h^hirth'-glacc-ol '.Ura'lram!-beilLeiitoriiobile, .people 
war# clamouring far mass-praiJuced cass like the Modelg Tiie: : Fiai.'5ilU.was. 
1 1 1 edited i lair, -vl- to v Germany, 



.■•iiabliahmeal ef a series of automobile..maiiufactiirers • inctodiag tte companies 
i dw known as Kisssn artd Toyiita - osid ,tot .thafirsUime are were rcnniifad.ured 

’ll I«:->• IlC 



193 Qs- 1950 s 

bn |t the time had i dynamic, sneamtaKd 
tMuijn wtob firifi^o tk-.: &ptgj 


1950 s- 1960 s 

1SR en il me laillin set era Msmwic 


1960 s- 1980 s 

EheeanfimnJe:eKir* 5 !gn 


1980s Onwards 

The era of oi$s« neap 
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.^ar E Type 



:he 23i:5T shraed ij v ii f 3 „:H a^oirc:™ lechnalcgy was on a.par v«ib EhateS If? 
glcfcai Meiiln ire industry. tla straight a*-c>v 5sr engine gra it l •; of 1*7 jwisE^ew.Sf 

and,'-is do.-, it wj?It the filt-'r j t?$* cf inctci isamifirturnj. 


Rising from Lb Ashes of War 

As foe SsrnU World m came, to an end in mMmerifa and the victorious 
Nations in Eiireps began-a period of ejcSfaoriiirtary jnnovatiac ire aislsinotivc 
derefojinisirl. At tbs same lime, -the car'began ta be soon as more of a coftsisiaer 
itann. The era oi mass censuanpl ign Siad^arrived m (be US.-aiid Ibis served to 
a ccalorate (his trend piia siflontalive world. A ijrggef-ts-L alter eppreach to body 
assign was eagerly embraced. anil lairfins rpsemuling thi>se of akrafl were 
«.Tialcyaci to cars a ftlurislic leak. 

in wer-ravagad Europe. (he luxury cars that bad existed prior to (he mittsek. of 
bos Lilies were oo longer to be seen cn the rrads; fri Iksr place app Eared a 
smaller, more practical type of car. 


Iciewaaiaiw^M 


The Ascent of (he Automobile 


. ie dabirlSi of the German cat industry was symbolised by tbs establishment ofa 
now car manufacturer in 1947. Porsche -was set sip by I he: brilliant aitgiaa.ee 
i ‘idinand Porsche ami Iris son, bay. Ferry Porsche created ilio 3SA. basing ‘its 
il ■: ign on the Vrfcwagen Typo 1. T5is:35G want on to sat (ha kndimaFk far 
opes-. tcTaa;: sperts cars. 

I bo revival cf natnr sports'gave impclns In sportster manufacturers such os 
■ lari, Alfa Romeo ami Jaguar. who deveSoped sn>an^ now motels. and-rand-png 
ict is enjoyed huge exposuredtn: iHs period: 


[Lie Rapid' Development of Japanese Cars 

•• decade kd passed since the cnltftte Seooful World'War. end-the automobile 
iiuliislry in ciirnpa had regained its former vim and vigour. This reaijth was 
i :'iJec(ty symbolised by the emergence onto Ik wnrtd stage ol what would later 
I'Ccoma known as 'supajcars ". LariibMnis:debut modal, the 350GT. was 
imveited in 196d, and ibis was soon flowed by !fis Minna and ihetountecli. 
Meanwhile, TerraJi competed fiercely with their rival, releasing the 3S5GT.BW 
I'.iylnna Ik BB312 and Hislosiawssa. 

At that time, elegant end refilled sports cars were coming to tbs face in Britain. 
Uni Jaguar iri 1SAK with (he Aston Martin- jJBi and Lotos Europa 

(ppuarirsu at tk sama lime. In litis era. both sports cars and supereers were 
■.! I pg a J; rac.o r poikcUotfL 

i was in this period tnanapanese-manufactifrersbeyen to creole cars 
-.pDClfiCaHy. tailored for the needs of Japanese people. fciyotadid not seeSc.to 
nianufectliil tars Ter the fnirrgn market. but looked IntewaUy to tbe domestic 
ruarkfll, In 1555. if produced its first Grown ears: If was precisely ot tfns liirie that 
ie Ministry of toternaliomal Trade- and Industry fhfITI] launched .foeir scheme to 
iluvetop a “Peeples far ". Although it never became official pvemenl policy, 
iliu Subaru 36@ Ural appeared iii 1958 closely matched lha aims of Mill and 
iinnedialely garnered huge popularity. Than in the 1960$. Honda, who bad unsti 
then only m-aRufacturcd motercycSss, unveiled the Honda soortsseries, featuring 
''in SSflB, AGO and * 1 800 - asid Kissa'ii released (tie Si ml fnosilmlUccrl Japanese 
‘.ports car. the Dalsuil Fairlady. leyote Ike wanl pn ha produce the- ^dOfjT. 
Japan new had ample evidence that in tba kid of sports cars, its technology was 
(ho equal of Ifie global leaders i • tf e i v> ustry 
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Toyota unveiEed the Supra, a spsriscns based fin their CeJitfi. CfimblPirp nn Fft 
chassis and si*-cylinder engine, the Sl p i a (jaleierf widespread popularity amd 
enjoyed luge success on racing circuits. ly the end cl the 8.0§r the Honda -MSX 
and Msfda *1X4 (also known as the Ewios Rod fillers had achieved filobal 
success, and ware evsn Eiifluenriog His design of US spurts tars. Itse early 19^:Js 
tben witnessei! lh.fi airlti ai the Subaw Impma and Ilia Mitsubishi lancer, m 
thanxs to their appearances on rally ciranils worldwide, insse «rs been me 
prmefjirt statements of the advances made in hi^h-a erforman.ee mo losing 
toshncl k< ay japacesr: -naiaifatlc'S*. 


*lewif tends snsb ±s the frrd Kwsvang 2 nd She Pujiliacfirebird oipscled their way 
into the mnrkElsSane, auiipetiiig wills old favmiriles likje’.the CTievrolal Ccrvette 
via increasing levels of performance. In lu'ope. the supeicar bad became 
weU-estaclished, and mass-prcdticed shorts models that were withi n Ids budget 
r r.1 nsry corsets gained iitige ecpuleri'v 


lapanese Sports Cars lake the World by Storm 


Tlie Spread of High-Performance Terimotagy 


. francosrnafe by He Japensseaideladi’s'iywsaisosignlkan;; ji shsera.to. Japed 
dining the 1970s, Ite fang starafe-fedfisF^^-^i® 55 ® 41 dramal^y thanks loa 
-1 of rapid Kraft AwkymiL and s visa ysrie? el spirts cars m-iBi uiiqiieda^is 
tun to appear. When it w&s fust rESeasad in 1978, the Masto Savanna R>!-7. with its 
■jmlined body and rntniy rape. was'like a tesatli t Pesk air m a idqmesfe: spurts ce* 
1 -iiw.ni thallM stagnated Mi:r?^iK] the cil crises. a^npiziEiLl cu-iliiued at Die ceieteteif 
■ nr Skylit, whilette Fstady Z Okim &sthe Nissan''S30 cu&de Jinan) brought the 
iipany ole % success lie K 0 was used to fttfi as the Safa jri Rally, and alcsg -jutih 

Kkjdfrfi. it cemented fTssanspcsiSiflii es-b a=ajsr sports car enofestoier. 

I.3S 


By 1970s. ilia applicalinh of high-performance lechnnlegy accele^ted, and it 
ihtas rjtilised mare widely in the mass market. Spans cars in particaSsf haiKiiTfed 
from this trendas until this point sports-car enpnosrng bn ikeii generally I:aiidled 
in iha sssrs way as Kat vf facing east but now s|grts.cari. began to mark cal Ifreir 
wn unfeue terrain as Eiigh-pEdfarniansE. velsickes f<t« itifi consume! market.-In the 
UniieiMftifos, the Clean Air Act feist) known as the Mi-skieAcll arid the oil crisis cf 
lies early '78s : prasafitod challenges to the autc^otile industry, toi thss.ailysrsi.ly 
hec&rae cppemmily with tiie deveseprr-ant o5 sRc-re foel-slficienl and deuer 
engines. This ti| coarse rosiilieif in snore eiwroitisntally friendly end effecient cars 

fe^rinsSpfgOtfipi 


icturerL-. ft eluding MS and Lotus in Britain 
I b^n-perfcjmencfi reatufes such as DOHC 
major role in boosting the ptpSaiity of 


•New models were jgKfeeiJ 


The firs? j'j^wse.sustrKi, the. KSX 
wKtertfet&.mai 1 Ho'Ja inarlts no 
exjuioe to applyl-^ the tsin^y>: 
had devstoeeil ifi tte motor sjoris 
held, liaut r: : :ml: Ire. 


lomDstis spo::s car per " . in J•; • 2/£'' 

Wi> in fe dtodr. "is wlton lliistt - ;«CL 

lillht-wniG hr ;• :gh pert oroincc s' r-rte I he laf hit ii? American j j ■: its «r. the 

car c:;ist :$| M pt f.ltei ^ 5hc ws 

■Yd - 


h; the 1953s. the stancard model tor lam “ j car i 2 cing was 
5KiV M31*39 -• ?Jei3. vnh r. enjeyedMwnem®: a popularity 
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Automobile History 

The Present D 


Meaierl ir iflOS tniBfslecliib vnh in lei 


ys th e way i niw= riftfo ■■ the iie'<t pn u reiicii 


Two Trends Born of trniovation 




ByJh'ef- : 1#jfei v# developments ;n IJie field of elsolftieics. to major jr sw trepris 
cuuld k.-seep in ontomotire manufkluriisg. The first was Lhe search for the 
succor.tp'tlie internal combustion engine ak the eipergence nf-ibneiU 
tare, in :995. Tayots ujnyeilleil the Priiis. a concept car that 


gombin&d llie internal combustion engine with an electric, motor, ; r. 189?. it went 
into production as the world's first mass 'market fry&nd car. Honda then 
inlredoced their hybrid spirts car, the fo. 1998; The days, whin,cars. had 
relied entirely on the internal coni bus Liair engine were cLining. to an eel 
By the early Twenty-First Century, completely atectric vehicles |EV] irerjan 



The rwjnng ih^sijperipoiia carwc.itil. a$|jire i i^ifrder Iff A cngin^cah.procirc'c an 
ixlpyt ci 'iDl T.-irit •crsEfcwer. 


to he produced, and the options epee to manufacturers aiming to create 
fis mR atiaircags tiavs been steadily increasing ever since. 


,Ine other trend was the development ofTiie super sports car. Awing to advances 
jrr aiiof tlchmtfigy. niaturials ak tar cootrul fealii/es; it heil.brefeeme much 
simpler to create Twenty-First Century-sports ears that tioasted spedtications far 
verier ts those of alder models. 


The McLaren FI road ca:. released'in h generally seen es having started 

■ the Porsche Cariesa GT aid the Mercedes-Bek SLR 

I v" ... i-- 31 II.J M.u I UU..UL ‘-•'-I’* 

h _j - .lij — -p- .u_ m _| * iY ■ I . CrtftiT'fc’ 1 ift i* i" 8 ! ft ~ 1 1 1 r i hs In a 

-I . ■- ‘'i ' ■ *'^ ^ p- 'r■ . | ^ 


More Bsciting models have entered this market, including, the Audi Rfl. to 

Lamboighmi Mraalago LP» 3V. and the Alfa 

Interest ir sc per Tii-spcc sports cars shows no signs of sign of decline. 
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C Driving Techniques 



The Role of Tyres 


In Ibis chapter, we ll be leaking at how to master driving by face-sing on tyres, fhe first step 
is to grasp the role that tyres play, as an understanding oi how tyres behave is one of the best 
ways of quickly becoming an accomplished driver. 


The Friction that 
Fixes the Car to the Road 

f Weight on Tyres = Load 

lii motnrsports. Lyre choice can often spall the difference between victory 
and defeat. Ho matter what circuit you're rating mi, trying to shave a second off 
your lap lime using engine power atone is no easy task. Tyres, on the other hand, 
have the potential to trim your time by that crucial margin. 

Before switching an Die ignition, lei's take a look at the exterior of your tar. A car 
is made up of ihousands of parts, hot only (he tyros tome into contact with the 
road. This means that they play a huge part in determining how s vehicle handles. 

It's vital to remember this tact when thinking about your driving lechnigus. ft's no 
exaggeration to say that successfully driving a car at high spends comes down In 
knowing how La folly utilise your Lyres. Sc. as a first step towards total mastery 
□E yunr vehicle, tyre knowledge is absolutely crucial. 

The lad that a car can remain stationary is due to the friction between the tyres 
and the road. It's also Ihanks to friclion lhat the car gets powei from the engine 
and is propelled forward- The liidieii between tyre and road surface is known by a 
special Wren: "grip' - this is Hip strength with which lyres hold onto the surface 
oi Ihe cued end prevail! slippage. 


The mast important factor when considering grip is how it changes according to 
conditions, The simplest exat p.e is in rainy conditions: toe read is wel and grip 
is reduced, causing tyres to slip more. But changes in grip are not all simply due 
te the read surface. They also have to do with the car itself, with the chief factor 
being she weight that is pvt on them. 

Since tyres support the Whole car. it's obvious that toe entire weight of the car 
rests upon them. If a car is driving up a hilt, toe weight placed on toe front tyres 
wilt decrease while the weight m toe back tyros will increase. And wher braking, 
the car's body wilt pitch forward, increasing toe weight on (he front tyres and 
decreasing that on toe roar. 

In this section, we wilt refer to the weight placed on the tyres as the "load ". 
A lyre's grip is closely t elated to toad. The bigger the Lead, the stronger the grip - 
and the lighter the toad, the weaker Ihe grip. 


F Estimated Friction Variation on Different Road Surfaces 


Concrete (foyl 

11 - Dl5 

Concrete [WslJ 

0.9 - U 

Asphalt [Dry] 

1.0 - 8,5 

Asphalt (Well 

0.9 - DL3 

Crave! Track 

0.4 - U 

Soft Snow 

6.4 - 0,35 

Hard Cum ]E.:;ed Snow 

0.3 - 0.2 

Icy Surface 

Oi - 0.1 


Grip varies 
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fhe Load !s Constantly Changing, 

Wl i!n you drive a car. the lead placed on the tyres varies from mament to 

.ml. Whan you put your foul down, weigh! is transferred ta Ihe rear of the 

wlncle, putting a heavier toad on the back tyres. This increases the grip of the 
i. y tyres end decreases the grin oi the front lyres, which means lhat steering 
i 111 ues more difficult when a car is accelerating. 

i n-iivcrsety, when fhe car is braking, the Lead an the front tyres is increased, 
mi .tiling that their grip becomes stronger, But by the seme token, the rear tyres’ 
■ up will decrease, making the car toss stable [Fig. 25-U 

tip 75-1 



tv I! VI... piess if# aroelerHW, th load is 5«W t» the rear, and wh» ywt ieUase it the lead 
hi tic ficnc, Ycu can feel these variators in Load through the bottom ef you fed. 


When a car goes into a corner, cEntiifugat forces act on il lilting it towaids the 
outside of the tend. This increase the load un Ihe outside tyres. increasing their 
grip, and decreasing that of the inside tires, 

By being aware ol these variations in load and ulilising them to y«ir advantage, 
you can improve your driving perfMmance hy carefully controlling huw (tie load 
shills, Mastering Ihe art of shilling load is Ihe key to a superior driving 
technique. II s something which will he referred to again and again, so lake 
careful note el it. 


Column , 

Although we've referred to'shifting the load', unless the car is being 
pushed towards the ground hy airtlow ever its baity as in a racing car. 
the totol cumulative toad on the lour tyres will ncl change. Think uf it as 
ihe same weight being distributed in different ways amongst Ihe tour 
lyres. For inslance, when the car pitches forward, the load on the front 
tyros will increase, but the Load on Ihe back tyres wilt also decrease by 
the same amount, 
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THE ROLE OF TKRES 


I The Role of lyres 


Get an idea 
of how grip works 


Viewing Grip with a Friction 

* A Car Won't Turn When It Is Broking Fully 

Now Let's turn our attention to grip. & single lyre is only in contact with ihp surface of 
Hie road in one spot in that contact area, a lyre is gripping in EIk front-rear and left 
right directions: 

looking at it from an operational perspective, grip in the iron! and rear direction is 
affected by accelerating and braking operations, and grip to the tefl and right is 
affected by steering operations that turn ibe car. This may lead ymi to believe that 
forward-rear and left right grip are separate tilings. hit that would be a wrong 
assttmplion. A tyre's yrip is not divided into front, hack, tefl and rrghl. II is simply 



a case nf gripping force being distributed differently. If you slam your foot Dm tee 
brake, all ol the grip wilt he used lo stow the car. meaning Ibat there is no grip 
left to apply to turning tell or right. So even if you turn tee steering wheel. Ibe 
car will be unable to turn in response. The friction circle is a simple way of 
showing tee stetus of a tyre's grip. It is a diagram in which tee maocimim grip of 
the lyirs is shown as p circle. 

Picture a car going around a corner. Ibe operation is described in more detail 
from page 34 onward, but basically it's a process of braking, turning the steering 
wheel mo tee lurn and then turning the steering back white accelerating out of 
the lum, In tee initial, braking, alt of the gripping capacity ol the lyre is used in 
the Longitudinal I forward -a fl| direction in nrder to decelerate in the shortest 
distance passible. That is lo say. even if you attempt to steer, there won't be 



Bt 


. .K)h gripping force remaining to use in the left or right directions and the car 

will not lurn. When cornering. I lie basic rule of thumb is to complete braking 
Indore turningfcteering the tar. If you Luck at the friction circle, the reason lor 
11ns should become dear (Fig. 27-1L 

Wliten accelerating out in the latter half ol a corner, the steering wheel is 
'ii.idiraLly straightened while giving more and more throttle. This is because you 
■•in reducing Ibe amount of grip being used lo lurn Ihe car. and making room for 
flipping Forte to move the car forward, (fig. 27-2). In or ideal cornering 
manoeuvre!, you would use the gripping force in a manner which traces Ihe 
[HiimetEf of this friction circle, i e at Ihe limit of the overall tyre gripe balancing 
h'lwncn longitudinal lacceteraticn/deceLeratinnl and Lateral [corneiing] grip, 
ii' ng able to picture clearly bnth the Iriction circle and the tyres' grip condition 
wli<k cornering will Lead lo a drastic improvement in your driving. 

9 Using the Whole Body as a Sensor 

Whim you're driving, a whole lange of tilings besides tee friction circle demands 
ynui attention - the steering wheel. Ihe accelerator, the brake pedal and 
‘inmetifies even tee feedback From your seat. 

i * ■ instance, undcrateerirg (+p. 31.1 occurs whan a car doesn't turn to the same 
mnH i that Ihe driver is turning Ihe steering wheel. Ils possible for a driver to 
in i"i i gradually increasing understeer by the way that tee steering wheel, starts 
i" Iiii*l lighter. Al this stage. Ibe driver can slitt prevecl the car from straying 

..Is intended path by making small adjustment. 

o ilrivm should also be able to sense when the performance of tbeir tyres is 
'■ ■ ■ nalintf. fc tyres arc worn down by driving around Ihe circuit, they become less 
inmshfi and react less petty la the driver's input. In addition, during attended 
min Is 1 1 diiving the air pressure in die tyres can get loo high, and the driver will 
. hi iii loot any bumps in the ioad more keenly than before. 


Ur*iig 



The fiiclini circle is a graphic tepresstirialion td a 
lyre's grip. The tilde ‘marks the limit ol the tyre's 
grip antf Ihe fa* directions lepresent accelerati*. 
braking turning. 


Column 

We ve shown the Incline circle as a perfect circle here, but in actuality a 
lyre's potential Fur gripping varies heswesn the lateral directions 
(for cornering I and longitudinal directions (For braking or accelerating I. 
Therefore a real friction circle wilt not he a perfect circle, ii wilt be 
or ellipse. 

With tyres designed for the general motorist, braking power is geneiatly 
emphasised, which means that iriction 'circles" ara olten in fact 
vertically oHdng in shape. 


Up 




ArcElEialion 




in i Inw ihe fiction circle iepre*m$ a tyie's grip when 
U" r-i-it nf folty applied The tyre's grip is being used 
•'•ini* in. 1 king, which means teal there is nu grip 
'iitii’kluninglhecar. 


Ibe freiim circle when the vehicle is aceeleralmg lapirty. 
As alt Ihe grip is being used for sttcleraliwi, even if Ihe 
driver tuns tie Hefting wheel, the car won't turn. 


The ideal iiidion circle when acceleraling out ol a curve. 
At Ihe limit ul the tyre's grip. Ihe grip is nicety balanced 
betwren turning and acKtaalion. 







































THE ROLF OF TYRES 


I TTie Role of Tyres 




^ The Ideal Tyre Sli p Percentage is 10 -15 % 

Let's ccncijiun- n-ur discussion ml tjrre betiaviour tiv taking a look a? what's 
happening in detail. Racing ear tyres beast high grip, but this doesn't mean that 
they Irmly giip the road surface like two cogs mashing In reality, grip is created 
by lbe ectiar of lyres slipping increment#ty on the mad. 

When an unnecessarily large amount of engine power is transferred to the tyres, 
lbe? will screech end skid on lbe road's surface. This is known as wheetspin. 
Slip ratio is a numerical indication of the degree to which tyres slip. If a tyre with 
a circumference cf two metres completes a single revolution and the oar travels 
forward two metres, Ihe tires have a slip ratio ol zero. However, if they only 
produce one metre of forward movement, they have a slip raliu of 5]V 


In other words, tyre slippage in this case has mean! that the car has only 
travelled forward by half the circumference of the tyres (fig. 29-11, 

In order for lbe tyres to exhibit the highest level nf grip, studies have shown Ibat 
the optimum slip ratio is somewhere between 1Q% and 15 V This is net 
something Ibat is easy for an inexperienced driver to sense using Iheir body, 
It's easiest to remember that tyres start to squeal slightly when their grip rs at its 
strongest. If lbe slip ratio rises above 15%, giip wilt steadily decrease. 

The abevn is in regards to lbe slip ratio ol tyres in I he longitudinal, front-aft 
direction, but as explained before, grip also acts in the same way in a lateral 
dilection. This means Ibat during cornering, a slip ratio ol 10-15% is when the 
lyres are providing maximum grip, Again, the sound nf the tyres squealing can be 
used to gauge lbe current slip ratia Always remember Ibat the fastest cornering 
can he achieved when Ihe tyres arc slighlly squealing. 
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’ k Car Won't Be Turned By the Steeling Wheel Alone 

l m, illy, let's consider the slip ratio nf the front tyres, which determine lbe 
ilnmllup In which the cat travels. Tuning the steering wheel causes the front 
win I', to move. There's a tendency to assume that the car wilt travel in the 

it...ilial the front wheels are pointing, hut this is not the case. Take a took 

,i Hu* Iron! Lyras whan a car is cn noring and you'll see that the angle at which 

. .. is turning is nut as great as the angle of the front wheels. The difference 

huiwi'rii the direction in which the wheels are pointing and the direction in which 
lln i .n iidufllty Havels is brown as the "slip angle" Ifig. 29-2], 

iIn up angle is related to the tyros' grip. The slip angle at which grip is 

.insl is ft 11) degrees: if it gels any Larger than this, grip wilt decrease. 

“,ii lirynml n certain angle, no matter hew much further tbo driver turns the 
... wheel, the car wilt not taro any harder. 


Fig.IM 

lyres with a circumference nf are metre, travelling toward we metre wilted lunvg n alt * stir 
ratio oil DD% Hocked ntfwlsl 




1m 

Tyrtswilba ciicumlerHEE at one metre, Inkling Inward non melm during one hatl-tumtd Ihe 
rfieei = Slip ‘alio nf 50% 


5fcm 


lh imp taut nol to get the slip angle confused with the angle of the steering. 
Ilir ihp .iiujtc varies depending un speed and the Load placed on the front tyros. 
,n,ii is not determined by the angle ef Ihe steering wheel atone. This is also 

..Hung 1 hat's hard for a novice driver to get a leet lor, but a good indicator is 

i In ■ quod of tha front tyres while lbe car is in molrnn. YrxiU eventually learn to 
il tngn when the car wilt rot turn any mme even if you turn lbe steering wheel 
b *\ iki 1 1 urn the sound coming from 1 he front lyres. 

Ifuiv i-i turn la a mure detailed discussion of car control. 


Fig. 29-2 



When a car wroeis. it Ohs nut irtvc, at as larj? an it}* as The ingle in which te tyres are 
turned. ThE difference between te steering angle and te atlu# fraction ol bavri is krawti as 
te slip angle, k dig angle nf about 1 p dejees mil gin: a tyre ils marineim ownering force 

Ihe car does 

not turn as much as the 

angle of the wheels 
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Starting 

Stopping 


Driving Tech mutes 


Starting & Stopping 


lets begin gw look at hew to control 3 car with a discission of the techniques used for 
acceforaling from a standstill and slapping a car, Le-^n la perform cjpiimum starts fljf the line 
and con trolled braking that will folly utilise Hie grip at the lyres. 


Perfect Acceleration from a Standstill 

y Releasing the Clutch All at Once 

How lhat you've grasped the importance of Ibe tyres, let's actually get behind the 
wheel of the car and accelerate off the line. For day-ta-day driving, the car 
should be storied as smoothly as possible, bot when it comes la spdrls driving, 
where you oro competing fur speed, the priority is tu effectively transfer as much 
ol the engine power as possible to the road surface, even if it entails some 
degree uf turbulence. 

We will start by discussing what happens when accelerating in a car with manual 
transmission. The key point to focus on is the instant when the car starts moving. 
What you want to do is to transfer all of the engine power to the tyres, to gain 
maximum propulsion. 


Dnce ytu've got yaur vehicle aff to a good start, the next step is to DOntmoe to 
accelerate without interruption. Floor the accelerator and rev the engine unlit the 
rev counter is just up tu the red zone. As soon as the engine reaches the red zone, 
step or the dutch and change gear quickly, then engage the dutch again. 
You wont to be able to repeat this quickly as possible. 

Many modern cars came fitted with electronic management systems such as 
traction control and stability control, in cider to improve the stability of the 
vehicle l -^ji.1121 . these systems can detect tyre slippage and sometimes 
suppress the engine's power, which may prervefil you from gaining the optimum 
grip (rum your tyres. In this esse, try switching these electron s devices elf, 

Jtsp : d advances have been made in these electronic systems in recent years and 
their benefits should not be ignored for sports driving, but teing able to control 
the cer on your own will be e shortcut to improving your driving skill. 


The driver must find Ihc optimum UPM for the engine and engage the dutch 
instantly at that RPM. With manual transmission, you Connect and disconnect the 
transfer ol engine power wilb the dutch, hut if you are slow to tfo so you will lose 
valuable power and lime. Tho key is to press the accelerator pedal while 
monitoring ibe rev counter and release the clutch all at once. 

The optimum engine RPM for engaging the dutch in this manner can he found by 
looking gt foe KPM range where Ihc maximum torque is produced. Find Ihis figure 
in the performance spec of the car and engage the clutch at SDDRPM's highei 
than Where the maximum torque is produced. If the tyres do not slip and you do 
not hear them screeching at all. you car try engaging the clutch at a slightly 
higher RPM. If the tyres smoke and continue to screech after launching, tower the 
ARM where you engage ibe dutch. By experimenting like this, you want io find 
Hie point where foe previously mentioned slip ratio is 10-1!j%, where your lyres 
will he producing the maximum grip [Fig.30-1], 



An example of an output grifhstaMg engine pwrer Ithe sjUd line on [he 
giaph! and torque [the tinker line on the g*aph|. In this graph, mannum 
torque is achieved at around 32.3D 5£'3D rpm. This nne is known as 
the Morgue ba*T 
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I lansferring 
directly to t 

f 11 11 : Rise of Semi-Autom atre Tfa nstniss io n 

In years, more and more high-powered sperts cars have been tilted with 

in w lyin':; of automatic transmission that allow quicker gear changes than 
in.rn u i ir msmisEtiM. These new types ol transmissions, the mast prominent 
iiMiui Hie filial Clutch Transmission (OCT) bee column], eliminate ihe clutch 
u 'il Mill allows easy automatic, gear changes, as well as manual changes using 
[mill r. oi buttons on the steering wheel. In high-powered cars such as those 
rinil meed SCO horsepower, the revs in first and second gear can jump 
hi iiniillf into. Ihe red; zone, forcing the driver to be extremely quick on Ihe clutch. 
Irfi'iNi the driver from this operation brings great advantages in terms of 
tpnih foivuig. 


power 
he road 

Colu mn / 

Goat Clutch Transmission IDCTI can he seen in sporlscars such as the 
Mitsubishi lancer Fvntution X end Ihe Hissan GT-R. The D5G (direct shill 
ge3rbux->p.117] of Volkswagen is also the same type d( mechanism. 
It allows an almust uninterrupted transtor of engine power in the 
wheels. The elfective time Lag iur gear shifts is minimised, and the 
reduced slress to the engine makes it ideally suited to motor sports. It is 
predicted that this type ul transmission will became standard in spurts 
cars hereafter. 
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Creating 
stopping power 


STARTING & STOPPING 



Stopping at a Oesired Spot 

f Listening for the Screeching of the Tyres as a Guide 

Once yoj'vna maslered Ihe art at getting off to a Hying start, the riexl sscall to 
masler is slopping your car. It's lime to take a closer look a! hiaking. Too mkjtil 
ihink braking is toirly strslg htfonvard - you step on the brake and the car com 
lo a halt ■ tut there's actually much more to it than that. Slewing your vehicle 
down in precisely the way you inlew) demands real, precision and control. 

Again, the first issue that requires considers!inn is the slip ratio nf Ihe tyres. 
The nos; efficient way to bring your cor in a halt is wilt a slip latie nl 10-15%. 



Just as for optimum acceleration. To put il in more concrete terms, maximum 
braking jewer is achieved si tie point when the brake pedal is pressed just 
enough for the tyres to begin to screech (although there are same racetracks with 
high surface friction no which lyres wilt on) screed I 

Some drivers may worry about locking (tie wheels when broking, and so choose to 
press the broke down gradually, but in mntorsporls this is the wrong approach. 
The best technique is to step quickly ehi the brake pedal with enough farce to 
potentially cause (he wheels to look. If Ihe wheels do lock, release the brakes 
just a little to achieve the ideal slip ratio, li you can control the brakes in this 
manner you are probably on advanced driver. ] Fig. 33*1]. 
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W > < • win ii' learing down the home straight into the first corner and need to 
i i ■ iiiplly, it's vital to team how to judge the correct poirl at which to step on 

i hr i, the I hero ate usually signs on the track to indicate the tfistonce to the 

•-■■■ make hill use of these. On tucks wheie there arc ran signs, use 
hi* i nl* objects and struclures to gauge Ihe distance to ihe corner. 

r Hiking Changes Depending on Car Layout 

Ik '..i i Majority of cars are now Irtted with anti-lock braking systems IAGS3. sc 

.. i -ices Ihe techniques discussed above will, bo perlormed automatically. 

. ' '!• ere are cases where the required distance tor broking will become 

liwnp ilk lauding on the slippemiess ef the rood surface ur even the peifoimance 

ii • "i Urn ABS system, and it still pays to learn how to manually oonirel your 

mi 'i In iikmg 

Amu hr, i.mtur influencing braking is the Layout of the car |-*p.79]. The rear tyres 
in ponsible for maintaining the car's slability, but when braking the cai 
'■ (inward, reducing the load on the rear of the car. This towers the grip of 

Hi' 1 .ii lyres, making il difficult to fully utilise ihe maximum grip ol all four 
whnph leu broking IFig. 33-2). 

. . why in lerms of braking, a drive!;aid Layout of a car where there is more 

wi'nj i "Yi.imIs the rear has an advantage. This means ihat an HR [rear engine, real 
i i drive] layout or mid-engine [also known as mid-ship engine) layout for a car 


allows stronger, mure stable braking. Conversely, when heavy parts are mounted in 
the front of the vehicle in FF Ifront-engine, front-wheel drivel layouts, braking 
can reduce stability and cause excessively large movements of the car s body. 

!L is however also possible tn make use ul Ihe instability that biaking can cause 
in order to corner more effectively. We will go on to discuss this technique fm 
improved cornering on Ihe next page. 

forte applied 
to bufa pedal 


DiSlpnce/lme 

Stop on Ihe broke pedal as rapidly as you tan, as if lo lock 
ihe wheels. 



fry il A cumjLjf ism ol Ihe biaking fegd of MR Mengine. rear-Bbeel tfrhel and ff [hont-w^ie, IranH-wheel dkhfe) lapouls Isee p7 V lor a bailed look at dillwent car feyouls]. MK layouts place 
Ur >'ugine in Ihe mikle of the vthitto's tatty ad allow ihe grip of all lour Lyres to be used effectively lor braking. In {«Urast, FF layouts red an«OK»£ load on the Iren lyres and ihe 
ijnpoMhe rear tyros lends fe be rakiccd. 
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CHAPTER 1 

Driving! Techniques 


Cornering Basics 


Brahe, turn and accelerate. Co'iiariny requires a combination el steering end pedal oanlrnl. 
Let's go through the basics. 


Steering and Using the Pedals 

^ The Three Stages of Cornering 

Now let's lad* ot cornering, a shill that combines troth slewing and pedal canliol. 
This was touched upon In Ihc section about Ihe friction circle, hut when 
cornering, grip sbculd he utilised in tbc order of deceleration, fnrning. and 
acceleration. Linking together braking, steering and acceleration in a smooth, 
Hewing movement is the key to fast cornering. Hew tel's divide the cornering 
process into its three component parts [fig. 34-1]. 

The first thing to consider is hew Id brake as you approach a torn. If you're 
coming (awards a corner al full speed on a sliargM section of Ihe track, you wilt 
need la slow dawn as quickly as possible lo the laslest speed that will allow you 
to successfully negotiate the owner. Aim to brake swill and hard, as discussed 
earlier. The "fastest speed" here refers to the fastest possible speed al which the 
car can be controlled and driven as intended, even at the point on Ihc corner 
where the centrifugal force is at its strongesl [this is usually the point where the 
Steering wheel will be turned at the g mates! angle]. 

Once you have slowed down to the highest speed at which you cam take the 
corner, the next step is to steer. Take your fool oft the brake pedal to Irao op 
same of the grip that was being used lor hiaking. Turn the steering wheel, and 
the grip you have freed will be transferred into making the car him. 


What you really want Id avoid when turning into the corner, is sudden, violent 
movements with the steering wheel. As discussed in the section on slip ratios, 
even il you make a sharp turn on the steering wheel and turn the Irani wheels 
rapidly, this will not necessarily result in making the car turn as desired. 
The steering must be operated gradually in consideration for the grip of Ihe 
lyres (Fig. 34-2]. 

Fig. m 



If you mwe the slew loo modi while counerirm.pi wit rot be able In maximise 
the grip of ihe tyres, ti ihe diagram irugw cornering k being dmdtd Vila three 
Sieges: braking, turnip and ttratMatiwi 



Always remember Che changes of loads on a car in response Ee acoeteratai and braking. IF you 
steer w'thnul cwsideratim tor ihe eperadien of lb pedals, Ihe car will lot mure as intended. 



Transforming vertical 
grip into lateral grip 
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f Accelerate as You Return the Steering Wheel 

Wlu'ii a car is turning, it is overcoming centrifugal lorce in order to continue 
in turn. Thu ideal speed for cornering is Ihe speed el which Ihe lyres arejosl 
bi’il uiiiing tp squeal. 

Al (his point, the grip of the tyres is being used to turn die car, so il is important 
in tunefully control Ihc forward propulsion acting on Ihc vehicle - in' other words, 
you need to operate the accelerator pedal with care. Spetilically. you need to 
gpurnte ihc accelerator pedal so lhat you do nut accelerate or decelerate unlit the 
t ■.a exit. You must maintain partial acceleration, 

A-...as you see the exit of the corner, you should steadily straighten the 

aiming wheel, reducing Ihe centrifugal force acting on the car. This trees up 
nroie id Ihe lyres' grig, which can then he transferred into increasing the car's 
iprnl. allowing yon to accelerate quickly out cl Ihe earner. 

A\ hi came out ol the corner, it's finally time to gradually give it lull Ihrotlle. 
lb*' Miner yon do this, the heller, hut if yen Hour the accelerator before the car 
h it inily come nut of the earner, it could make it difficult to complete (he torn, 
fhn buy to speeding out af a corner is to steadily slraighten the steering wheel 
wink- increasing the amount at acceleration al Ihe same time (Fig. 35-1], 


fig. 35-1 



ittefi earnering. ami to l**p the stifling Whet *1 a steady 3«gte. If you more the slow Ian much 
while cornering, you will nd be able ta matimise the grip nF the tyres. 
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CORNERING BASICS 


reducing 
l force 



Tricks for 
centrifuga 

Taking the Right Racing Line 
When Cornering 

r Taster Cornering with the Outside-Inside-Outside 
Racing Line 

In the last section, we looked at cornering controls. Next, let's take a look at the 
best line to take when cornering. 

The basic path or line to aim for when cornering runs l|cim the outside of the 
track, to the inside, to the outside again. This means that as you enter the corner, 
you should position the car at the outer side of the track. You should then turn in 
and pass through the inside part of the track as you turn the corner, before 
moving back to the outer side of the track again as you exit. By driving around the 
corner at a shallower angle than the entire shape of the corner, you can drive 
through at higher speeds. This allows you to increase the throttle early on when 
accelerating out of the corner (Fig. 36-1). 

Fig. 36-1 


The optimum outs de-inside-ojtside line to take when cornering. By positioning the apex, or 
clipping point closer toward the exit of the corner, the second half of the turn becomes sentler. 
and the area from where you can accelerate can be made longer. 


Cast your mind back to the centrifugal force mentioned in the last section. 
When a car comers, centrifugal force acts on the car to push it towards the outer 
edge of the track. This force increases as the corner becomes tighter, or as the 
car's speed increases. 

In other words, assuming that the grip of the tyres remains constant, the wider 
the corner arc. the lower the centrifugal force - allowing the car to move through 
the corner at higher speed. This means that you can increase the speed at which 
you drive around a corner by driving at the widest angle possible using the entire 
width of the track. 

However, there are exceptions to this rule. The drawback of using this out-in-out 
technique is that it increases the distance you travel. When negotiating an 
extremely large corner, or when the power of your car is much less than the tyres' 
grip, it can be faster to stay on the inside of the track at all stages of the corner. 
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W Positioning the Clipping Point 

[•Hflion cornering, the point at which the path of the car driving through a corner is 
' llOJost to the inside of the curve is known as the clipping point or apex of 
o i oiufll. Drivers aim for this point as they enter the corner. 


llin n Ihfi car has gone past this clipping point, the driver can start to straighten 
I 'dueling wheel and accelerate away - so a corner's clipping point could also 
ilncrlbed as the the switching point, where deceleration and turning operations 
mlliiiillii In acceleration. But note that this point isn't actually signposted on the 
F lin k As the driver must create an image of the driving line in their head, the 
Hlfyiliif) point is positioned according to the corner in-the same way. 

[Column / 

I If you have a diagram of a corner to hand, you can use a pair of 
(ompusses to find the best line to take when cornering. Start by setting 
Ihn clipping point, then trace a large arc to the corner's exit from that 
liiilnt. Add a small arc at the entrance, joining it to the first arc you 
Hi i w By drawing these arcs so that they intersect smoothly, you can 
i oinc up with a workable racing line. Then you need to experiment by 
mdually driving around the corner, and fine-tune to achieve the right line 
Hill 37-1). 


Thinking in terms of the basic outside-inside-outside cornering line, the clipping 
point should be positioned in the middle of the corner. However, in reality, it tends 
to be better to position it slightly nearer the corner's exit. This is known as a late 
apex. Setting a late apex makes it possible to accelerate out more quickly, and the 
total length of the corner over which you are accelerating increases. Since a car's 
ability to brake is often more effective than its acceleration, maximising the 
distance over which you can accelerate will improve your lap time. Prioritising 
acceleration out of a corner is known as the "slow in. fast out" method. 


Fig. 37-1 



O 

Set the position of 1 at the 
outside ot the corner s exit, 
and then draw a large arc 
towards the irsideof the corner 
to 2 (the clipping pointl. 


Next, draw another large arc 
connecting the clipping point 
and the outside of the track at 
the start of the corner. The 
« 'i arc reaches die 
outside of the track is 3. This is 
the entry point for the comer. 


0 


O 

By reversing this order. 
3-»2-»1. you have the optimum 
tine for taking the corner. 
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Cornering Basics 
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CORNERING BASICS 


u irks 


Learn the q 
of your car 

Your Car's Behaviour 

^ Understeer and Oversteer 

How a vehicle moves when steering is known as its ‘handling''. In this section, we 
will examine a number of the characteristics associated with handling. 

Following a racing tine precisely when cornering may serve to maximise your 
speed, but there's no guarantee that it will go smoothly everyone. 


There are times when you turn the steering wheel, but the car refuses to turn 
well or when it turns more than you intended. 

"Understeer" is the term used when a vehicle doesn't turn as much as its driver 
intends. It is the opposite of "oversteer". which is when the vehicle turns more 
than the driver intends (Fig. 39-1). 

It is often said that cars with FR layouts [front-engine, rear-wheel drive) are 
prone to oversteering, while cars with FF layouts (front-engine, front-wheel drive) 
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mo liable to understeer. However, this is not necessarily the case. There are a 
whole range of factors that cause both understeering and oversteering. While car 
luyoiit is an important contributory factor, it is important to remember that FR 
i ms can understeer, just as FF cars can oversteer. 

Intiigine drawing a large circle in an open space and driving a car around it. if you 

.iterate while holding the steering wheel in a fixed position and the front 

wheels slip outward, causing the car to take a wider course than the circle, this is 
uiiileisteering. If the rear wheels slip, causing the car to turn in too sharply and 
hum) into the circle, this is oversteering. In both these cases, oversteering and 
iiiidiusteering are caused by the driver stepping on the accelerator and 
linMferring power from the engine to the wheels. For this reason, this is known 
ns power understeering and power oversteering. 

II n large portion of a car's weight is shifted to the front tyres by braking, the 
lonil ul the rear tyres will be reduced, and will cause oversteer due to the rear 
mil slipping outward. This is an oversteer condition caused by braking. 

Ilii'iu are other types of understeer and oversteer caused by the driver's steering. 

I in instance, turning the steering wheel too sharply or turning it too late can 
imiisc understeering. If a corner is entered when going too fast, this can also lead 

10 understeering. 

Wlii'ii discussing understeer and oversteer, there is a tendency to confuse cases 
inii!ii!il by the driver with cases caused by the car itself, but it is important to 
li'iim lo distinguish between the two. 

P The Risk of Spinning Out on a Corner 

llimu is another important characteristic associated with the handling of cars. 
I hr. is the phenomenon of a car turning in towards the corner rapidly when the 
iliivor takes his foot off the accelerator. If the car is at full throttle and the 
llficelefator is let off completely, the vehicle's load is transferred instantly to the 
lit'lit wheels, causing the rear tyres to lose their grip. If this occurs when the 
Hliti'img wheel is turned, the car will veer in that direction and oversteering can 
(dull, with the car going into a spin in the worst cases. This occurs most often in 
(I curs, and one of the best ways to recover if you sense you are going into a spin 

11 lo Immediately step on the accelerator and increase forward propulsion, thereby 
(tuning the car to understeer instead (Fig. 39-2). 


Fig. 39-1 

Understeer is shawn in the diagram at the 
top. while the middle diagram shows 
oversteer. The diagram at the bottom 
shows a neutral driving position. 





An image show ng a car at risk of spinning out. 
When the driver is at full throttle on the 
accelerator and then suddenly releases it. the 
car's load is instantly transferred to the front 
wheels, and can cause the car to spin out. This is 
most likely to occur when the car is in a low gear 
with high torque fluctuations. 


Fig. 39-2 
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I5 Driving Techniques 



Perfecting Your Cornering Skills 


At this point, you should have a decent grasp of the fundamentals of cornering. However, in the world 
of driving, things are rarely simple. Let's take a closer look at the finer points of cornering. 


High-speed 

cornering 


Brake Turning 


Turn the Steering Wheel While Still Braking 

We've looked at the basics of cornering: braking on approach, releasing the brake 
when you reach the turning speed, then turning the car. However, if you are 
aiming for faster cornering, it’s best not to release the brake too suddenly, but to 
do so smoothly and gradually as you start to turn the steering wheel. This is 
known as "brake turning" (Fig. 40-1). ' 



A diagram representing braking and steering when entering a corner. Gradually releasing the brake 
and turning in towards the corner at the same time, braking is completed when you reach the 
clipping point of the corner. 


If you think about the load on the lyres, it’s easy to understand why this 
is effective. When you brake, all of the tyres' grip is being used to decelerate 
the car. Even if you try to steer the car at this point, there is no grip to spare, anL 
the car won't turn. 

By releasing the brake, you free up grip which can be used to turn the vehicle. 
But when you are just starting to turn the car. you only need a small amount o - 
grip for turning. This means you can continue to brake as you begin to turn the 
car. and if you steadily release the brake as you continue turning the car, you'll be 
able to use the grip of the tyres more efficiently. 

The chief advantage of brake turning is that it enables you to delay the point at 
which you begin to brake - but that's not the only advantage. While braking, the 
load continues to be placed on the front wheels, which means the grip is very 
strong when you start to turn the car. This allows you to turn more sharply. 

However, there are also drawbacks associated with this technique. If a large 
portion of the car's load is placed on the front wheels, it means that the load on 
the rear wheels is that much less. This can lead to decreased stability wher 
steering and may cause the car to slide out, especially in FF cars. 

At the same time, a skilled driver can make use of this instability. In cars with a 
marked tendency to understeer, getting the rear wheels lo slide out a little car 
keep this under control and allow faster cornering. 
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r i liii!ii|r> in Cornering Behaviour Due to Car Layout 

, to master high-speed cornering, you should always be 
^■lll ill Him ililvo layout (-*p.7?) of your car. 


iiiiwmi and steering are located at the front of an FF car, which means 
Alibi, uf the vehicle's weight is placed on the front wheels, increasing 
lu lindersteer. Incorrect timing or acceleration as you come out of 

.ill enuso severe understeer. This tendency may also be seen in 

^Hltl diivu imis with FF or FR layouts [Fig. 41-1]. 

i« <ii 

H fuiino iccelomtion. When the 



In FR vehicles, the front wheels control the steering, while engine power is 
transferred to the ground through the rear wheels. It is typical for about 55% of 
the vehicle's load to be placed on the front wheels, though there are FR vehicles 
which have an even fifty-fifty load distribution between the front and rear. 
This balance results in improved controllability using the accelerator pedal, which 
makes these cars more enjoyable in sports driving. 


In vehicles with RR or mid-engine layouts, the proportion of the load placed on 
the front wheels is reduced, which gives the vehicle increased manoeuvrability. 
At the same time, because a large portion of its weight is at the rear end of the 
vehicle, centrifugal force acts stronger in the rear end of the car, which can 


result in slipping and oversteering [Fig. 
Fig. 41-2 

An FR car accelerating. When the 
accelerator is pressed, the load shifts 
to the rear wheels (which are also 
the drive wheels), improving the car's 
grip. However, if the driver misjudges 
the timing, the car can be prone 
to oversteering. 


1 - 2 ). 


FR 




10411 





















MASTER CORNERS. 


1 H CHAPTER 1 ■ 

■Eg% Driving Techniques _ 

, aal Perfecting Your Cornering Skills , 

Determining 

A Challenging Corner 

r Corners With Multiple Clipping Points 

Corners come in all shapes and sizes, ranging from simple curves which remain at 
a constant angle, to long series of twists and turns, to corners where the angle of 
the curve changes part of the way through. Although following the outside- 
inside-outside method will work fine for straightforward corners, there are times 
when things aren't that simple and determining the optimum line for traversing 
the corner is a little more difficult. 

Let's take as an example a corner which starts with a gentle curve before taking 
a sharper angle. Cars will often dramatically overtake each other on corners like 
these during races. 

It's best to treat a combined bend like this as a single corner (Fig. 43-1). For the 
optimum racing line, imagine two clipping points, one near the start of the corner 


a racing line 

and one towards the end. The first clipping point is just a point to set your ey 
on, and you should drive in a wide circle around it without approaching it. Once ynn 
get past this first clipping point, gradually move inwards and aim to be as close 
possible to the inside by the time you are passing the second clipping point. 

Next, let's take a look at two consecutive corners requiring you to go left, 
then right. With this kind of S-shaped bend, if you take the first comer using 
the outside-inside-outside technique, you'll enter the second comer on the insido 
of the curve, which will reduce your cornering speed. 

The best solution is to try to connect the two corners in the straightc: i 
line possible. The best racing line would be to take the first corner by going :u 
the outside, inside, then the middle of the track. On the next bend, you should 
aim to move from the middle to the inside to the outside, thereby connecting the 
two corners together smoothly (Fig. 43-2). 



CASIO CASIO CASIO CASIO CASIO CASIO C. 
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f I ioimecutive Corners of Varying Size 

inii'ii ilillicult comers of all are those with two or more consecutive bends of 
ptriiiill %\m lor corners like these, there is no neat rule that fits each and 
Q|iy mu* il limy contain a short straight section, the speed you achieve on that 
Ph|lll nii dntermine the overall speed through the corner. 


■lulu point to remember is not to get too bogged down in each 
IHlMrluitt * ilium. The vital thing is the speed at which you are able to accelerate 
|D llm final lurn, as this will determine your speed on the next straight. 

it In upon up Ihe throttle quickly as you come out of a corner, you need to 
llllfiHQiilimlng the steering wheel as early as possible. What is the best 
ii in lake in order to achieve this? let's calculate it by working 
inl< limn Ihe exit of the corner. 

• Ilium being as many clipping points as there are times you reed to turn 
lliiny wheel. Just remember that it's not always necessary to go through 
y poinb when you're in the middle of a series of consecutive corners. 
I Olios where they simply serve as a guide to keeping you driving on the 


n i ume in a whole range of shapes and sizes, there is often no 
lllli Ini nxpciience. Try driving around the track again and again, noting 
il oh yuu exit the final corner and the total time required to take the 
»i Hun Practice makes perfect (Fig. 43-3). 



Fig. 43-1 



(Fig. 43-1] shows linked corners where the turn becomes sharper partway through. 
Here, you want approach the inside of the curve aiming to hit the second clipping point. 
(Fig. 43-2| shows an S-curve. For the first corner, it's best to aim to drive towards the 
middle of the track upon exiting and then approach the second corner from the centre of the 
track width. (Fig. 43-3) shows a combined corner. Your aim should be to maximise the length 
of the final straight. With this in mind, you can work backwards to determine the optimum 
racing line (shown in yellow]. 
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Extreme slid 

Drifting 

r Braking and Steering to Maintain Your Position 

Deliberately causing the tyres to slide and countersteering in order to take a corner 
is known as drifting, and is one of the fun parts of race driving. Successful drifting 
demands a high level of accuracy in braking, acceleration and steering. 

In order to learn how to drift, it’s best to divide the process into two. The first 
part involves entering the corner slightly faster than normal, and applying 
full brakes. Release the brake slightly and turn the steering, allowing the rear 
end to slide and setting the angle of your car. Maintain the angle of the car until 
the exit of the corner by using the accelerator pedal. 

Positioning the car correctly at the entry into the corner is a question of getting 
the timing right for both braking and steering. As an example, apply brakes to 
transfer the vehicle's load to the front, then turn the steering wheel. Now it will 
be easier to turn the car because the load on the front is increased, which in turn 


e control 

reduces the load on the rear and makes it easier to slide out. The balance to aim 
for is where the car begins to turn towards the inside of the corner and the rear 
end starts to slide lazily. 

Modern sports tyres have very strong grip, making it difficult to get the car into a 
drifting condition. In order to counteract this grip, you need to shift the vehicle's 
load more suddenly and dramatically. To shift more of the toad to the front of the 
car to make it easier for the rear tyres to slide, it s vital to brake strongly just 
before you turn the steering wheel. If you still can't get the rear wheels to slide, 
you can lake the rather drastic action of putting on the handbrake at the exact 
instant you turn the steering wheel. 

In drifting, because the rear wheels are sliding, it is important to maintain the 
grip of the front wheels. Drifting therefore demands particularly smooth steering 
and careful control of the vehicle (Fig. 45-1). 
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Adjusting Turning Angie Using the Steering Wheel 
and Accelerator 

fliu i* lint rear wheels start to slide, the car will start to point towards the inside 
L|) Him roiner. The angle between the direction the car is pointing and the actual 


As you start the drifting manoeuvre, slide the car as if you are trying to get it 
to spin, then countersteer without taking your foot off the accelerator to stop the 
spin from actually occurring. By repeatedly practising this, you will steadily 
develop an instinct for how to keep the car drifting (Fig. 45-2). 


illiin linn of travel is known as the drift angle. Once you have achieved the desired 
ill ill nii)iii, the next step is to try to maintain this angle until you exit the comer. 

fcu press the accelerator while drifting, the rear wheels will slide more. If you 
iftyn yoijf foot off the accelerator, you will stop sliding. You can also stop the car 
|Miii|] by rapidly turning the steering wheel away from the corner just as you 
ii.ni in slide. This is known as countersteering (->p.49). Since steering 
Milluns during drifting also determine the direction that the car travels, the 
Rlunl sleeilng operation will involve a subtle combination of countersteering and 
iQyiiliii r.teering. 


Easing off on the accelerator pedal will 
ffM reduce the outward slide ci the rear end and 
increase understeer, reducing drift angle. 



Increasing the power will 
increase oversteer and 
widen drift angle 
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Advanced 

technique 

Maintain an Image of the Car's Load 
While You Drive 

^ Always Be Aware of How Load is Moving 

To complete our discussion of advanced cornering techniques, let's take a took at 
the importance of always being aware of the effect of loads on a car. An expert 
driver will always be aware of how load is being transferred over the wheels as 
they drive. They will know which wheels need to maintain a strong grip according 
to the conditions, and will make a conscious effort to transfer load to specific 
wheels, maximising the grip of the tyres. 

For instance, when accelerating, you need to feel the load resting on the 
drive wheels. It is difficult to transfer the weight to the front wheels during 
acceleration in an FF car. but it is possible to consciously avoid losing load at 
the front tyres. 


It's the same when taking corners that slope upwards or downwards. 
As mentioned in the opening section about the role of tyres, when the track 
slopes upwards, the vehicle's load is transferred to its rear tyres, while the load 
shifts to the front tyres when the vehicle is going downhill. 

So if a corner slopes upwards, the resistance of the incline will make braking 
more effective when entering the turn. However, transferring the load to the front 
wheels will also become more difficult, making the car prone to understeerng 
Conversely, when a car goes into a downhill turn, the load placed on the front 
wheels increases, making steering easier. But if the load on the front wheels 
becomes too great from the braking, the load on the rear wheels will become 
insufficient and will result in oversteering. 

When you encounter this kind of corner, it’s vital to take potential oversteer and 
understeer into account when finding the optimum line (Fig. 46-1] [Fig. <57-1). 



Diu accelerator and biake pedal are vital tools for transferring the car's load, 


Fig. 46-1 
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■ #4h Dunking in terms of load, the brakes are 
P IImh| not to slow down, but to transfer weight to 
ilm lioni wheels, thereby increasing their grip. 



P A Few Important Points About Car Set-Up 

A fiir's load does not just shift from front to back, but also from left to right. 
Whin cornering, body roll acts upon the car, meaning that the weight of the 
ynlili'.lu shifts to the wheels on the outside of the turn. 

Whin cornering at high-speed, this transfer of load becomes more pronounced, 
mill the wheels on the inside of the turn can even lift off the surface of the 
limk entirely. In cars not equipped with an LSD (Limited Slip Differential - see 
fligu 93). engine power is still transferred to wheels that have come off the road 
luilncc. causing them to spin freely, wasting power. Here too. the driver must pay 
i DMtful attention to the load transfer caused by body roll and utilise this 
Information for setting up the car. 


Load transfer can be controlled to some degree by adjusting the car's suspension 
and height. It can generally be minimised by lowering the vehicle and tightening 
the suspension. This makes the car's handling more responsive, but if overdone it 
can prevent the tyres from achieving their full grip potential, which can reduce 
stability. Always bear in mind that in high-speed motor racing, some degree of 
load transfer is necessary in order to manoeuvre effectively (Fig. 47-2). 



■ rum bo raised by decelerating, and drive force can be 
I ... naturally during acceleration. 

-- 



in FF cars, both steering and drive force are provided by the front wheels, which makes it more 
difficult to divide the usage of tyre grip between the two. 


047 

































































Apex Jtie (Van Tunsnoj Exclusive Magmntl 

Driving Techniques 



Reducing Lap Times 


Ton should by now have a good idea of the basic techniques required for sports drivng. Next, let's turn to the 
required techniques for controlling the car at the very limit of its performance, and also take a closer look at 
some of the latest innovations in automotive technology. 


Heel-and-Toe 

r Braking and Shifting Down Simultaneously 

While clutchless (semi-automatic) manual transmission have become 
more common in recent sports cars, the mainstream of motor racing is still 
manual transmission. Heel-and-toe is a technique devised to drive a car with 
manual transmission faster through corners. The purpose of using heel-and-toe is 
to shift down simultaneously during the firaking process. Braking has a much 
higher priority here, so if your braking is hampered by adding this technique, 
you've missed the point. 

When shifting down in a manual transmission, you need to step on the 
accelerator while in neutral to temporarily raise the engine's RPM. This technique 
involves stepping on the accelerator with your heel while your foot is still on 
the brake. Take a look at (Fig. 48-1] to see the steps required. 

The advantage of this technique is that it allows the driver to accelerate more 
quickly out of the turn by engaging the gear best suited for acceleration in advance, 
so that you can start acceleration as soon as possible at the exit of a corner. 

Previously, another merit of heel-and-toe was that shifting down a gear allowed 
the use of engine braking. However, with recent developments in high grip lyres, 
high performance brakes and ABS (Anti-Lock Braking Systems), the importance of 
this has waned. 


Fig. 48-1 

Brake to reduce the efigine '3 RPM to the point where you are able to shift down a gear without over-rewin-i 



Disengage the clutch white stilt hrak ng. 



Enter neutral, take your fool off the clutch, and use the hoot of your right loot to press down cm Urn 
accele atcr to increase the revs of the engine so that they are slightly higher than the minimum level nc ini 
for the desired gear. 



Disengage the clutch again and move the gesrstick into gear. 
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When the revs have dropped to the correct level for the desired gear, engage the clutch and, if neces- r, 
prepare to shift down again. 



Preparing to accelerate 

out of the turn 




^ llonntersteering to Prevent Spinning 

WIihii llm coillrifugal force acting on your rear wheels becomes too strong during 
«*|iwiiii(|, they are liable to slide. The technique of "Drifting" makes deliberate 
uih «l (Ills, hut the type of drifting that requires dramatic countersteering is by no 
iMiiii 1 ' ii w.iy to shorten your lap times on a paved circuit. Still, when pushing 
pm vnitirlii to the limit, it is not unusual for the rear wheels to slide, making 
MHItlm'ili •■nng necessary in order to prevent the car going into a spin. 


Diimiuil in Hie opposite direction of the turn might seem like a counter-intuitive 
| 9 ^Iu<ii|imi that would require a good deal of practice, but in reality, it is something 
Ml must people will do instinctively as a way of getting the car to straighten up 
|l!m luimill). However, inexperienced drivers do have a tendency not to apply the 
■Homy amount of countersteer, either turning the wheel too late or not turning 
Mhiii|ily enough. It's especially important to pay attention to this when driving on 
j Inn ks with a high-traction surface or other dry road surfaces. 

M mil'll difficult element of countersteering isn't in fact turning the steering 
MVftl tlm wrong" way, it's turning it back again. You must judge this from the 
if, lion In which the car should be heading and its actual direction, but if you 


After applying countersteer, you will need to return the steering wheel rapidly. This is why it's 
best not to change your hold on the steering, as keeping your hands in the same place will make 
it easier to return the steering to a full straight position. 


are too slow to turn it back, or turn it too far, the manoeuvre is unlikely to 
be successful. Gauging the correct amount of turn required is a matter of 
intuition and repeated practice. 


When countersteering, it is vital to perform the action rapidly. Because of this, 
drivers v/ho tend to change their holding position on the steering wheel when they 
turn will find counterstcering difficult. When countersteering, don't worry about 
the awkward position of your arms. Don't change your hold on the steering wheel 
and you will find it much easier to perform the next movement (Fig. 49-1). 


Fig. 49-1 
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The Benefits of Electronic 
Driver Assistance 

* ABS Allows Drivers to Turn as They Brake 

With advances in electronic engineering, cars have been able to take control of 
areas that are beyond the reach of the driver. One example is anti-lock braking 
(ABS). which has become an indispensable feature of sports cars. 


utilised for braking, none is left for steering, meaning the car will nol turn even if 
the driver turns the steering wheel. The ABS can reduce the braking by minimum 
levels so as to free enough grip to enable the driver to turn the car. 

Along with these developments in ABS technology, stability control systems to 
prevent the cars from sliding sideways have also been developed, and are now 
fitted as standard on many sports cars. 


No matter what surface you're driving on. if the wheels lock, braking power is 
reduced and steering control is impossible. This is where ABS comes in, reducing 
the braking applied to locked wheels for an instant in order to allow them to 
recover traction (Fig. 50-1). 

ABS reduces the braking force applied to locked wheels, allowing them to recover 
traction before applying the brake again. It can repeatedly perform this process 
over the course of a few milliseconds, and can do so to any of the four 
wheels individually. This is a highly advanced operation that is beyond the control 
capability of a driver. 

With further advanced ABS. braking can be eased in response to steering. 
As discussed in the section on the friction circle, when all of the tyres' grip is 

Fig. 50-1 
No ABS 


These stability control systems are known by a variety of names depending on the 
manufacturer, including VSC, VOC and ESP. but here we will refer to them using 
the generic term ESC [Electronic Stability Control). ESC systems automatically 
apply the brakes of the most appropriate wheels when a car oversteers or 
understeers, thus keeping it stable. This differs from ABS in that it applies 
braking even when the brake pedal is not pressed. 

Some cars actively utilise ESC in order to improve handling. A good example cf 
this is so-called "understeering control", which is becoming widely used in 
high-powered FF sports models. When the car understeers, the system applies 
the brake just on the rear wheel on the inside of the corner, with varying braking 
force applied according to the degree of understeer. This allows the wheel to act 
as a pivot around which the car can turn, thus countering the understeer effect. 
Developments such as these are proving to be extremely useful in sports driving 
(Fig. 51-1). 


Wheels lock 



4 




With ABS 


. Stopping Turning Stopping Turning Stopping Turning Stopping 
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If the wheels become locked in braking, you will not be able to steer (see top), The role of ABS is 
to delect this end ease the brake hydraulics far a moment allowing the wheels to recover tractior 
and enable steering again (see bottom). 
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lly 51-1 



^ TCS Enables Controlled Turning as the Car Accelerates 

A Iraction Control System (TCS) prevents wheelspin caused by over-acceleration 
II a car exits a corner. When its sensors determine that the wheels are slipping, 
Iho TCS makes subtle adjustments to the engine power. As the TCS automatically 
adjusts engine power to keep the car just below the point where the tyres will 
start to slip, all the driver has to do is step on the accelerator. This system really 
crimes into its own when rain or other factors have led to poor surface conditions. 

However, there are cars whose TCS settings are such that they put too much 
nniphasis on preventing slip, meaning that the car cannot achieve its full 
pulenlial acceleration. It is well worth remembering that, with Ihe exception of 
liii|h-powered FF and FR cars, or under wet weather conditions, it's usually better 
lor the driver to take care of skid control themselves [Fig. 51-2). 




Fig. 51-2 


TCS compensates for both oversteering and 
understeering, meaning that stability is increased 
when accelerating out of a corner. 


The benefits of 
electronic devices 
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Techniques for Winning 


The aim in any race is to be the fastest driver past the finish line, but achieving victory is not 
just about speed - you r.eed a variety of strengths. Let's look at some advanced techniques to 
ensure that you overtake your rivals without letting them get past you. 


Getting Ahead of Your Rivals 

r ’ Getting Off to a Good Start 

To place at the top of the table, your performance on the opening lap is of 
crucial importance. The state of general confusion and disorder in the initial 
stages means there are lots of gaps you can sneak into. In particula*. when a race 
begins from a standing start (where the cars are all stationary], the whole course 
of the race can be determined by decisions made in the first few moments. 

When the light turns green and the cars pull away, drivers will jostle furiously for 
position on the approach to the first turn. It is generally advantageous to head 
for the inside of the corner, but since so many cars flock to this position, there 
are times when, if there is space left on the outside, a welt executed outside- 


outside-outside line on the first corner can put you ahead of the pack. 
Remembering that it is not always best to stick to the inside of a corner can give 
you an early advantage. 

The important thing is to be able to adapt to any condition, and you should have a 
few possible routes mapped out in your head before the race starts. It's important 
to look well ahead, weigh Ihe current situation and aim for the position that will 
give you the advantage. 

Rolling starts, where the cars are already in motion when the race begins, are 
often used in endurance races. Here, it's important to keep your eye on the 
movement of the cars in front, so that you can match the start timing. If you can 
match the acceleration of the lead car, it's likely that you will be able to pass 
other cars and improve your position as soon as the race begins. 
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Aiming to be 
into the corn 

^ Exploit Your Rivals' Weak Points 

Vymg with other drivers for supremacy is what makes racing exciting. You might 
not achieve your best tap time, but if you reach the chequered flag first, you've 
won and that's all that matters, it is not just about speed, it's the competition 
between the drivers that makes a good race. 

1)1 course, if your speed is greater than that of the other drivers, all you have to 
do is overtake them. The problem arises when your laptimes are close, and you 
cannot pass them or leave them behind. In this situation, you must try to 
determine the differences between your speed and that of your rivals. Is your car 
faster on the straight? On low speed corners? On high speed corners? It is crucial 
to identify factors like these - and in that respect, it can even he an advantage to 
Ini a chasing car rather than the Leader, as this gives you the chance to assess 
your opponents. 

line good strategy is to surge towards the inside of the corner when braking and 
gauge your rival's reaction. You can also attempt to vary your line as you exit a 
coiner. If your opponent overreacts and tries desperately to block you. you may 
well have hit upon a weak point you can exploit. 

II yuu judge that you have superior acceleration and speed on the straight, make 
Uni most of it by putting your foot down on the straight, lining up with your 
Opponent, then passing them during the braking for the first corner. 


Column 

In a tail-to-nose confrontation, you need to be careful to avoid engine 
t trouble. If you are in the car behind, there is almost no gap between the 

I front of your car and the rear of the car ahead. Depending on the type of 

car. this can mean that your radiator receives no ventilation at all. 
I leading to overheating. If you're driving a turbo model with intercoolers 
I mounted in the front, you need to be particularly aware of this. 


first' 
e r 

When you're fight behind a rival and want to overtake them, it's often not 
enough simply to sit passively and wait for an opening. You need to shake up 
your opponent by driving tail-to-nose (Fig. 53-1) or side-by-side (Fig. 53-2) as 
this can create the opportunity to get ahead. 

Fig. 53-1 



Tail-to-nose driving, where you follow closely behind you rival. 
Fig. 53-2 



Side-by-side driving, where the aim is to hassle and unnerve your rival. 



Most races will have a lot of vehicles taking part, so you need to be aware not just of the action 
immediately ahead of yau. but of how events are unfolding in the race as a whole. 
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inside or 
the outside? 
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| iRchniaues for Winning, 

Aim for the 
attack from 

Overtaking on Corners 

r The Braking Contests that Decide Victory or Defeat 

A race track consists ot a series of interlinked straights and turns. The area where 
overtaking most typically takes place is the braking zone in the lead-up to a turn, and 
whether you overtake your rivals or. are passed by the vehicles behind is dictated 
almost entirely by your braking performance here. This is particularly the case on 
corners that demand sharp braking from high speeds, which means that tight corners 
immediately after straights are often prime overtaking spots. 


Imagine that you are accelerating on a straight, in hot pursuit of a rival. If you 
manage to line up side-by-side with your opponent, you're halfway to success. 
Now. with the next turn in sight, a braking contest begins between you and your 
opponent whereby the first to brake will lose. If you wait too long to brake, 
however, the car will not decelerate enough and, in the worst case scenario, will 
drive off the track. 

If you win the braking contest, you'll be able to take the best line going into the 
corner, allowing you to overtake your rival (Fig. 55-1). 
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^ Sacrificing Precious Seconds to Emerge Ahead 
of Your Rivals 

It's absolutely vital to remember that there is a fundamental difference between 
Ihe type of braking required when you are aiming for the fastest lap time in 
qualifying and the type of braking used to overtake a rival. 

Ill both cases, rapid deceleration is required, but while in qualifying your 
nveiriding priority is to gain the maximum exit speed as you come out of a bend, 
In competitive driving your goal is to overtake your rival, even if it means 
hiicilficing speed to some degree. For instance, going into a corner too aggressively 
I m lead to a loss of valuable time, and in qualifying it pays to avoid this. 
When racing, however, the aim is to get ahead of your rivals at all costs. Therefore. 
Won if you lose some acceleration coming out of a turn, as long as you've overtaken 
Urn iilher driver, you've been successful. When trying to out-brake a rival on the 
iiimtoach to a corner, aim to hold off braking until a little after the usual limit for 
Qii ning the best time. (Fig. 55-2). 

Vim can also use the approach to a corner to force your opponent to deviate from 
llw rncing line, and overtake them as you accelerate away (Fig. 55-3). You can 
uUo bluff your opponent by making it look as though you are going towards the 
llmldn of the corner on the approach. If they take the bait, they will drive the inner 
lit)* of the trackjn order to block you, which means that their acceleration out of 
Him corner wilt be slower. You can then immediately take the corner using the 
iiukiili! inside-outside technique. Since your cornering speed will be higher and 
ynn will be able to accelerate earlier than you' opponent, this could very well 
film ii you side by side by the next corner. 

W)wn racing, it's no exaggeration to say that nothing is more important than 
yiltlnq ahead of your rivals, even if it means sacrificing your laptime. 

Column 

in a race, it's also essential that the drivers trust each other's abilities 
oinl uphold some basic manners. For example, if a rival is already on 

your inside as you enter a corner, it's important to drive in a line that 

I loaves space for their car to take the inside line, and not block them in a 

I dangerous manner to force them out. This trust also applies in the other 

iliinotion: if you're on the inside of a rival and you're racing side-by-side 

ft us you exit the turn, it's an important part of racing etiquette not to 
I swoive too far to the outside, and to leave sufficient space for your 
I rival's car. 



The orange car is yours, while your rival is in the black car. If you are 
fast enough on the straight leading up to the turn, you can get on the 
inside of your rival and take the optimum racing line. 



If you're jostling for position as you enter the curve, try to hold off on 
braking in order to get ahead of your rival, even if it means straying from 
the ideal racing line. 


Fig. 55-3 



If you end up further into a corner because of delayed braking, adopt a 
line which focuses on exit speed and accelerate out of the corner as fast 
as you can. 
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pstream 


Using sli 

Overtaking on the Straight 

* r Pluses and Minuses of Using Slipstream 

An area of low-pressure air builds up in the wake of any fast-moving vehicle. 
The low air pressure creates a flow of air that draws air inward, and this 
phenomenon is known as the slipstream. Air resistance is reduced in this area, 
making it easier to follow the car creating the slipstream. This can be used to 
your advantage when overtaking on the straight [Fig. 56-1). 


The slipstream effect becomes more marked as the speed, size and height of the 
vehicle in front increase. The merits of utilising this effect for overtaking is that 

Fig. 56-1 



there is little risk of contact with the car in front, and it places less strain on your 
car and engine. At the same time, you must exercise caution when exiting a 
slipstream in order to overtake. When leaving an area of low pressure and suddenly 
thrust into an area of high pressure, your car is liable to become unstable. There can 
also be pockets of turbulence around the slipstream which can destabilise your car 
and. in extreme cases, cause you to lose control of your vehicle (Fig. 57-1). 

It’s also vital to choose the right moment to overtake using slipstream. If you 
make your move too early, the rival you've overtaken could turn the tables, enter 
your slipstream, and be back in front of you by the end of the straight. On the 
other hand, although the ideal point to overtake is often the straight leading up to 
a bend, this is also the point when you will be slamming on the brakes from high 
speed, and your car will be unstable as is. even without the added effect of 
moving out of a slipstream. Therefore, a precise control of your vehicle is required 
to succeed. 

An area of low pressure builds up behind a car driving at speed. 

By making use of it, you can extend your top speed while using 
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f Tyre Management 

f Close-Range Rivalry Causes Rapid Tyre Deterioration 

ynuie trying to pass a rival, both your car and the car in front will be 
tiimiiiiiiiviing more and will stray from the racing line more often. Due to the fact 
fol tins is the line that most cars will be following, the racing line on a track 
fill ulisnil) rubber from the tyres, serving to improve traction. However, away from 
lllti im ing line, this layer of rubber is not present, making it comparatively easier 
in klip 


Fig. 57-1 



Be aware that there can be severe turbulence when you move out from behind 
a car you've been pursuing closely. 


Hum serious than this is the issue of tyre deterioration due to excessive stress. 
Wltim lyres wear down over the course of a race, the layer of rubber on the tyre 
fllli llin highest traction becomes worn down. Although racing tyres are designed 
10 Jmvir very strong grip, the downside is that they wear down extremely rapidly. 
Imimive braking and irregular steering lead to high levels of abrasion on the 
meaning that tyres are worn down sooner (Fig. 57-2). 

It'D (Iso extremely important to bear in mind tyre wear caused by heat. Racing tyres 
jimmHe heat due to friction with the track surface, causing the surface rubber to 
mull, and the adhesive property of the tyres in this condition holds the tyres to the 
(lack However, maintaining the tyres at the appropriate temperature for this is 
»*!if»iiuly important. If excessive friction causes overheating, too much rubber will 
malt mid become soft, leading to a large reduction in grip. This will make the car 
mnin prone to both oversteering and understeering, and will have a negative impact 
III bundling (Fig. 57-3). 

Wlnm engaged in tight manoeuvring to gain position, some deviation from the 
Optimum racing line is inevitable, but if you are in close pursuit of a rival, it's 
worth keeping a cool head, allowing a little space to open up between you and the 
vehicle in front and taking a line that will minimise strain on your tyres. 


Fig. 57-2 



Tyres only maintain their condition for a certain period before grip begins 
to deteriorate. 



For tyres to gain traction, they need to generate a certain level of beat. 

The level of heat generated by tyres is affected by the temperature of the track 
and the friction of the tyres. When tyres heat up. their air pressure ncreases, so 
it's also important to anticipate this when adjusting tyre pressure. 
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CHAPTER 1 

Driving Techniques 


Overcoming Difficult Conditions 


If you can achieve high speeds on challenging surfaces like wet, slippery tracks, or unsurfaced 
dirt roads, then you qualify as an expert driver. Let's take a look at how to overcome difficult 
driving conditions - a true test of your skills behind the wheel. 



Car Control on Wet Surfaces 

r Taking Surface Traction (g) Into Account 

Driving in wet conditions can he extremely challenging. Rather than simply bein 
a matter of reduced surface traction, the issue is more that traction is no longe 
uniform. In wet conditions, factors such as the location, temperature and level ol 
rainfall all contribute to making the road surface dauntingly irregular. 

Additionally, when driving in wet conditions on faster parts of the track, your 
tyres cannot rid themselves of water fast enough, meaning that you can end u| 
driving on a film of water in a phenomenon known as hydroplaning or aquaplaning 
(Fig. 59-1], This can not only cause you to lose speed, but can also cause to the 
car slide off the track altogether. 

This deterioration in the car's performance can however be compensated for by 
employing driving techniques that make use of the increased slipperiness of th* 
track's surface. There have actually been some top drivers who regarded wet 
weather as a bonus. Ayrton Senna is one example. Senna debuted as a pro driver in 
1984, and at the FI Monaco GP - held in torrential rain - he managed to come in 
second behind Alain Prost. whom he had put under enormous pressure despite hi 
car being far from the the fastest car on the track. Senna went on to win a largr 
number of races in wet conditions and eventually became a three-timr 
world champion. 


Driving, turning and 
stopping with more finesse 


Q56 fc3iLM;im a 
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In mote lecent years, in the 2008 Italian Grand Prix. both the qualifying and the 
nu n itself were held in rainy conditions. Sebastian Vettel, who was already seen 
in uni! uf the favourites to take the championship, started from pole position and 
wnn In:, first Grand Prix in conditions that were far from ideal. 

Wlimi iliiving in wet conditions, you should do your best to avoid sudden, dramatic 
IWivmnonts. Accelerating, braking and steering should all he performed in a calm. 
INHisiiied manner. You shuuld also be prepared to deal with oversteer and 
iniiliMsieer. and always be ready to respond swiftly to sudden sliding movements 

III Him cat. 

f Wet-Weather Braking Points and Racing Lines Differ from 
Those in Dry Conditions 

Whim driving in wet conditions, you need to rely on the feedback from the 
(Imuniy to judge the state of the tyres and road surface, to find the very limit of 
NhAin the tyres will not slip. A correct driving position is vital, as you need to 
•Inrun on subtle signals communicated via the steering wheel and through the 
lull Inin ol the seat. 



In wet conditions, tyres often struggle to rid themselves of surface water when driving at speed, 
meaning that the car ends up driving on a film o' water. This is known as hydroplaning 
or aquaplaning. 


Fig. 59-2 


I... becomes incredibly challenging in wet conditions, and in order to 

(niivmit understeer and oversteer, it's important to begin braking earlier than you 
multi if you were going into a corner in dry conditions, and to exercise more 
pimiM' control over your braking (Fig. 59-2). 

Hum n mu also cases where the racing line differs dramatically between wet and 
L|fy Imcks. When the surface is dry. you should generally take the optimum racing 
linn When it is wet. however, puddles of water can build up on the inside of the 
hunts. This means that there will be cases where you have to adopt an 
•nii'iiiln outside-outside course in order to avoid the water. You need to be 
(Oiisluntly aware of the amount of water on the track as you drive. Also, bear in 
flillul Hint the rubber coating that can build up along the racing line (->p.56), can 
L plunlly make the track more slippery when wet, rather than increasing traction 
R| II lines in dry conditions. 

■Hih section, the importance of careful driving has been emphasised, but if you 
hud entirely on driving in a controlled manner, you won't be able to achieve high 
■pita oi stand a chance of winning. In a race in difficult conditions, don't rush 
lu giil into first place. Instead, hang back a little and pick up useful information 
h Olmmving the cars in front. This will help you come up with the best strategy 
Im Iln' conditions. 



One of the most basic skills when driving in wet conditions is to allow more time 
for braking. Puddles can build cp on the inside of turns, meaning that you'll need to 
adapt your line to avcid them. 
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Overcoming Difficult Conditions | 


DEALING WITH POOR CONDITIONS 


Strategies for Driving on Gravel 

T Special Tyres for Different Road Surfaces 

Gravel roads are roads that haven’t been surfaced, unlike tarmac roads with 
asphalt or concrete. Gravel consists of everything from hard soil, sand and mud to 
pebbles. This means that the level of traction the wheels gain on the surface can 
vary enormously, and drivers need lo constantly adapt their strategies in response 
to these changes. 

For instance, on a very hard dirt track, wheels can gain sufficient traction to leave 
black tyre marks on the surface. Conversely, on surfaces covered in loose, round 
pebbles (known in Australia as "ball bearing roads '), the traction can be as low 
as it is on snow. Moreover, when it rains, different parts of the surface will 
become more slippery than others, and inexperienced drivers may find it difficult 
even to stay on the course. 

Due to the size of their tread blocks and their flexible structure, gravel tyres 
(Fig. 61-1) optimised for these kinds of surfaces have inferior grip and are less 
responsive to the driver's controls compared to sports or racing tyres on paved 
roads. However on gravel they maintain traction and give a high degree of control. 


Typical tyres give traction by gripping the road surface. Gravel tyres do more than 
just grip - they are designed to achieve extra traction by clawing into the road 
surface. By doing so. they suppress the loss of grip even if the slip ratio or slip 
angle becomes large. 

A changing road surface calls for a high level of stability and control, so that even 
if the grip level of the road surface is reduced, control of the car is not drastically 
reduced. A large range of gravel lyres is available, each suited to a particular type 
of surface. It goes without saying that selecting the lyres best suited to the road 
surface is a basic requirement for being able to drive safely at high speeds 
on gravel. 

* Flexible Judgement and Control in Every Situation 

Even on a gravel surface, the basic outside-inside-outside line for cornering holds 
true. However, since the surface is not uniform, the driver needs to gauge the nature 
of the surface ahead and select a line that keeps the car on the parts of the track 
with the highest traction. There are also times when the driver will need to take an 
outside-outside-autside line in order to avoid rougher sections on the inside ol 
turns. Cars' tyres dig tracks in softer dirt surfaces, and the tracks created by the car 
in front can sometimes be followed like the rails of a rollercoaster. 


Learning to read wildly 
varying surface conditions 


Wlion courses are set on natural terrain, it can lead to bumps, swelling and 
dnuvenness that can cause a car to jump when it hits them at high speeds. This is 
lonwlhing you will often see in footage of rally racing. 

II you hit these jumps without slowing down, the car will take to the air in a fast, 
hlijli |timp with the front floating upwards (Fig. 61-2). If you take your foot off the 
kfleiator just before hitting a jump, the car will jump with its front pointed 
downwards (Fig. 61-3). The best way to take a jump is said to be to hit it at full 
lino!He but to apply a little brake with the left foot. This will make the car fly a 
mnsulerable distance while remaining low. When a jump is positioned just before 
ll Ulin. you need to turn the steering wheel before you hit the ground. Be aware 
llirti with relatively low speed jumps, the front to rear weight distribution of the 
til i an also affect the angle of the car in a jump. 


Fig. 61-1 


If used on surfaced roads, gravel lyres have 
inferior grip and responsiveness compared to 
regular tyres. They come into tlreir own on 
unsjrfaced roads, where they provide high levels 
of grip and control. 



Column 

A strong structure is crucial for gravel tyres, which are designed to be 
used on extremely rough surfaces covered with rocks, potholes, bumps 
and other obstacles. A high level of traction is required, but an ability to 
withstand shock and impact is just as important. Slick tyres with no 
tread, similar to those used on paved racing circuits, are occasionally 
used on gravel, but their internal structure is completely different 
despite their appearance. 



F UJI? 

hit u jump at full throttle, the car will take 
I he nir With its rear end hanging downwards. 



hil 613 

P pi i.ik# your foot off the accelerator or brake 
■I (hiIoii) hitting a jump, the car wilt fly through 
van With its front hanging downwards. 
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Tactics for Handling Gravel Surfaces 


f Left-Foot Braking 

Left-foot biaking is a technique well worth learning if you are going to be racing 
on gravel. When braking simply to slow the car. it doesn't matter whether you 
brake with your right or left foot, but if you need to adjust the car's position when 
cornering, or want to keep your revs steady, you need to use your right foot for 
the accelerator and the left foot for the brake. In rally events, it's not unusual to 
see the brake light remain on until the driver has seen the exit of the corner. 

There nin also special braking techniques for use on gravel surfaces. On a regular 
rar.o hack, braking is performed in a straight line before the beginning of a corner 
to stabilise the car. On gravel however, deceleration is often combined with an 
action which swings the car sideways. This style of braking is peculiar to gravel 
sin faces, and allows you to decelerate quickly by using the increased resistance 
of tho car turned sideways alongside the effect of braking on the uneven surface. 
(Fig. 62-1), 


6! i 



Make frequent use of left-foot braking on gravel to give yourself more control over the 
car’s orientation. 
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V Deliberate Sliding for Faster Turning 

As wheels lack traction on gravel surfaces, naturally they are more pronn m 
sliding. Because of this, drifting will not adversely affect your time around <i 
course. In fact, rally cars are tuned to make them easier to drift, with high lev- , 
of torque. Their tyres are also designed so that even if they are in a slide, th-v 
will not lose too much traction. Drifting is actually an indispensable technique fm 
driving fast and safely on a gravel course. 

Upon entering a corner, the car is turned sharply inward well in advance, ami 
thereafter the focus is just on controlling speed. Fast rally drivers may appear i - 
be launching themselves into a large slide as they enter corners, but as they exil. 
their cars will be orientated in a straight position towards the exit of the corn ;, i, 
most advantageous for rapid acceleration. It is because this actually minimis 
the loss of time. 

Even from a safely perspective, drifting has its advantages. Should you misjudg- 
the size of a corner and enter it too fast when drifting you can slow dow 
naturally by easing off the accelerator and allowing the resistance of the tyres to 
slow the car down. If you determine that you can clear the corner, you can step on 
the accelerator and sharpen the angle of the drift to exit the corner. This high 
level of control is an advantage of drifting and allows you to drive with an 
increased safety margin. 

In order to drift on a gravel surface, you first need to enter the corner at a faster 
speed than you would to turn without drifting. Then, shift the car's load to tho 
front wheels by easing off the accelerator or using the brake, and sharply turn the 
steering wheel. 

By doing this, you can enter the corner in a drifting condition. If it's difficult to 
start drifting, you may need to use the handbrake as well. Also, depending on the 
circumstances, you can adjust the drift angle using countersteering and 
accelerator control, combined with teft-foot braking. In order to achieve ihr. 
maximum speed as you exit the corner, you should straighten the steering wheel 
just before the car points towards the exit of the turn. (Fig. 63-1). 

You can also apply these skills when traversing S-shaped bends. When a turn 
twists right then left, you can take the first turn by drifting, and without having to 
straighten the car. you can use your momentum to launch yourself into a drift 
around the second turn. (Fig. 63-2). 



Ikn Ideal way to drift on gravel. The objective is to point the car towards the exit early, in order to Drifting to clear an S-shaped corner. You can use the momentum from 
pin more time for acceleration. drifting around the first comer to drift into the second corner. 
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FIA Formula One World Championship 


GP2 SERIES 


Japanese Championship Formula Nippon 
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Formula 1 is the most elite of motor sports, and the FI champion is undisputedly the world’s fastest driver and machine. 


in ;t ever FI was held in 1950 at England's 
-'i i time circuit, and the sport has gone on to 
mm.' the absolute pinnacle of rnotorsport. 

I. season is widely recognised as one of the 
11top three sporting events, alongside the 
Mipu; Games and the FIFA-World Cup, and it's 
, in see why when you look at the cars with 
' I k tyres and hugely powerful engines that 
' ilie boundaries of technology, achieving top 
':: that easily exceed 300 kilometres per 
106 mph). The FI season is centred in 
i'li, hut races are held alt over the world. 

'Vi r-jll winner is decided by the total number 
li npionship points, awarded based on the finishing position in each race. With the continuaUadvanceijients in automotive technology in recent years, the Ft now 
many interesting highlights other than just the racing. 


& Santander 


This is the top of open-wheeled motor racing in Japan, 
where the skills of the country's top drivers are pitted 
against one another. 

Formula Nippon represents the apex of open-wheel motorsports in Japan. 
Launched in 1996 on the back of the F300(l wave that swept the world at that 
time, the season consists of a series of races held at circuits all over Japan. 
Top Japanese drivers and even some renowned drivers from overseas compete 
under equal conditions, exploiting every ounce of technique at their disposal in 
ihis competition for speed. 


Ilp-and-coming youths battle it out to become 
the next generation of FI drivers. 

miropean formula car championship series was introduced iii 2005 to 
' ii o the International Formula 3000 Championship. Held as a support-race for 
11 European round, and using cars closely resemblFng those of F1.GP2 
lints a great deal ol attention because it is seen as the gateway to FI 
< ss, and quite rightly so - many drivers crowned as champions iri this series 
gone on to achieve great success in FI. 


Motorsports epitomise man's lust for sf |fi d. putting; 
drivers behind the wheels of machines creatfl|j|t>tety ft 
of travelling at incredible velocity, and requirinp^n t 
a maste'fy of every human capability. The unscr« 
unfolds as a result is what keeps spectators watching in 1 
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Deutsche Tourenwagen Masters 


FIA GT Championship 


FIA World Touring Car Championship 


Germany’s own category of racing, 
popular amongst former FI drivers. 


The Major League of motorsports. 


The IRl is a formula race which, along with FI. 
stands at the summit of global motorsports. 
Property known as the Indy Racing League, it is 
made up of the IndyCar Series and the Indy Lights 
Series. In America especially, it enjoys a level of 
popularity surpassing that of-FI. Every year over 
400,000 fans flock to the series climax, the 
Indianapolis 500, an event that has come to 
symbolistAmerican.motorsports-Many races take 
place on oval courses where both speed and 
strategy are essential in order to emerge 
victorious. The side-by-side^ tail-to-nose. close 
quarters combat, which takes place at an average 
speed of 300 kilometres per hour (186 mph), leaves 
spectators breathless. 


ii DIM is a competitive racing series, hugely popular in‘Germany, in which 
y tuned touring cars fight for supremacy. Former FI drivers, including Jean 
,i |2Dlf2-06K Mika Hakkinen (2005-07) and Ralf Schumacher (2008-) have 
i 1 Hi part, testifying to the world-class standard of the competition. 


A battle of supercars that bristles with 
high-octane excitement. 


A GT ranks ^the top racing category for GT vehicles. This intense battle 
supercars, including the Maserati MCI2, Aston Martin OBR9. Lamborghini 
dago R-GT and Ford GT, continues to reward spectators with incredible 
uf excitement. It has been confirmed that the tlissan GT-R, the pride of 
supercar scene, will also be entering the fray as of the 2010 season, 
.sedations of its performance are high. 


Touring cars battle it out to determine the world champion of touring cars. 


The World Touring Car Championship was 
established in 2005, drawing on the momentum of 
the European Touring Car Championship (ETCC), 
and represents the zenith of touring car racing. 
Sanctioned qy the FIA. it is the organisation's 
third-largest championship after the FI and the 
WRC. Racing takes place using production cars 
modified according to specific regulations, 
including stringent vehicle specifications and 
weight handicaps, alt of which leads to some truly 
nail-biting action. Host countries and circuits 
differ from season to season. Though based 
mainly in Europe, of the 2009. season's 12 events 
[24 races in total], several look place in South 
America and Asia. 
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Where racing machines 

based on Japanese sports cars clash. 

i. Super GT has gained the most popularity of any racing category. GT50D 

I KIDD class vehicles race together, and victory is determined not just by the 
•id of the vehicle but also by team strategy, which must successfully 
H driver technique and weight handicap considerations. -Production cars 

I I In; basis lor the vehicles competing in this category, but teams are given a 
r in cent ol freedom to make modifications, affording them the chance to 

'•irn their cars into thoroughbred racing machines. 
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Ntlrburgring 24 Hours 


Niirburgring 24 Hours 

The world’s largest-scale touring car endurance race. 


The ultimate automobile endurance race. 


Tltis race, held every year in Hie suburbs of Le Mans. France, belongs lo the "Triple Crown of Motorsports", alongside FI's 
Monaco Grand Priv and Americas Indianapolis 500. and .is also the world's most well-known endurance race. Steeped in 
history, it was Ins! Im'.il m 192H and. despite a few cancellations, the race has been held 77 times as of 2009. Participating 
teams are mostly mi nun imt. m the past. Japanese manufacturers including Toyota. Nissan. Mazda and.Honda have taken 
p 9 :l will, v/niK, jci .sunn works) cars. Most notably, a Mazda 787B achieved an overall victory in 1991. and its victory is §till 
(lie stuff id loyonil in liipanesc racing circles to this day. 


||n '/| ... ii ,ii llinhtirgring - best known as a test 

« mill hi ,i v.irioty/)! major automotive manufacturers - is 
h 1 ln(i|v,l si ill louring car endurance race in the world. 
!ini)li by ijoiiin ,i the loughest race of them all. it takes 
|diii .1 in, 1 74 hdmnelre (16-mile) course, which connects 
lln> old Hmlli Cmiise - a winding track with as many as 170 
turn iiictud v) blind corners and an astonishing 300-metre 
in n|lii diifi'ii nrm - and the modern GP course, where FI is 
Itfilil In n unit years, an increase in the number of 
‘|iiii(|(!l[tiitlfi{! tennis has fuelled an incredibly intense level 
jil comiimllian. 


GRAN TURISMO 5 , 











Formula D 


D1 Grand Prix 


Where ordinary production 
cars become monster machines. 


NASCAR is a stock car race based on modified production cars 
and. just like the IRL. it stands as one of America's major 
racing categories. Its roots are said to lie in the amateur’ 
automobile racing that took place in the central states of the 
USA during the early 20tli century. Set apart from races held in 
Japan or Europe. this ultra-fast, quintessential! 1 / American race 
format takes place not on road courses, but on short oval 
circuits ranging from 0.5-mile (approx. 0.8-kilometer) to 
2.66-mi'le (approx. 4.3-kilometre) super speedways. 
Because the use of modem electronics and materials is prohibited, 
the cars vary little in performance, meaning that the excitement ot 
the races relies almost entirely on the skills of the drivers. 


A drift contest spanning the 
full width of the American continent. 

Formula Drift began in 2004. and is America's drifting championship seriel 
Contests are held all across the US in states including California. Georgia 
Illinois, North Carolina,-and Washington, and drivers compete to show off thfl 
sensational driving and intricate technique. With Japanese drivers also takira 
part, the intensity rivals that of the Japanese 01GP. 


Acrobatic driving and dramatic white 
smoke make for a spellbinding spectacle. 

In the D1 Grand Prix. victory is decided by the coolness of “drifts", performed by 
intentionally sliding the car's rear wheels lor all four wheels). The competition involves 
a mixture of dynamic and acrobatic driving impossible in a typical race, screeching 
tyres and lots of smoke. The performance is judged on criteria totally outside the 
realms of normal racing, and noting else lives up to the spectacle of this competition. 
The drifting skill cf the top drivers could almost be catted a form of art. 
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Rally Raid 


Pikes Peak 


An incredible competition of machines 
traversing every possible surface, 
over mud, gravel, tarmac and more. 

Alongside FI and WTCC. the WRC is another world championship in 
which an FIA title is up for grabs. Untike circuit racing, it takes place on 
■ lesed-off public roads, and drivers compete for the fastest total 
lime over the contest segments, called Special Stages (SS). 
In addition to tarmac and gravel ice. snow and other course conditions 
horn uf the host country's climate and topography make every race 
more captivating. Alongside the WRC. where drivers compete with 
••fhfcles specially produced for the competition, there is also the Junior 
World Rally Championship (JWRCj, where drivers under 28 years old 
rompete with 1600cc NA engine Ff cars, and the.Production Car World 
Rally. Championship (PWRC). where drivers compete with Group N 
e mulation vehicles with a narrow scope for modification. 


A demanding hill climb where not only rivals but the 
natural conditions can also stand in the way of success. 

Taking place on Pikes Peak, 16 kilometres to the west of Colorado Springs on the 
eastern edge of the Rocky Mountains, the course of this hill climb ascends 
sharply from the starting point, which is 2.862 metres above sea level, to the 
summit, a further 1,43? metres above. Although drivers' skills and the, 
performance of their vehicles play a huge role; the difference in elevation 
between the starting and finishing points means that changes in natural 
conditions such as atmospheric pressure and air temperature can often make the 
difference between victory and defeat. 


Not just velocity, but resilience, is vital in this rally 
discipline which bids farewell to beaten trails. 

hiking place on completely unmaintained paths across deserts.jungles, and 
riiountains, Ratty Raid has earned itself a reputation as the most unforgiving of 
!l the rally pursuits. The ability of vehicles to withstand harsh environments is 
!!■ n more important than performance, and sports utility vehicles such .as the 
tltsubishi Shogun and Toyota Land Cruiser have.consistently proved their v/orth 
•II events such as the.Paris to Dakar Ratty. 
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Braking 


025 


Slow in, fast out 
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Building up acceleration 
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Steering angle 


034 
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Traction 
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Countersteering 


044 


Traction Control System (TCS) 
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Combined corners 
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Tucking in 
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Turning 
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Understeer 
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Engine overheating and sluggishness 
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Wet conditions 
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Friction circle 
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Left-foot braking 
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Neutral steering 

039 

Out-in-out 

036 
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Basic Specs 


The characteristics and performance of different vehicles varies wildly depending on their 
intended use. When choosing a vehicle, it’s important to understand the basic principles 
behind each of its specifications. 


Dimensions 

A vehicle’s frame and the basic layout of its operating parts are the most basic 
specifications, and are decided during the initial stages of development, making 
them the hardest to change later on. These specifications have a crucial effect on 
the three main functions of driving, turning and braking. Any deficiencies are 
difficult to compensate for with tuning, and just a slight difference can have a 
huge effect on performance. Furthermore, the effects gained from tuning are also 
greatly affected by the car's base potential. To get the most out of your car, you 
should be familiar with how these basic specifications affect driving performance. 



► WliBidlHi'in 

I he wtieelti.iM! is the distance from the centre of the front wheels to the centre of 
(hn buck whoels when viewing the car from the side. This length has a large 
Impact on Hid stability ol the car. The longer the wheelbase, the less affected the 
volilclo will be by undulation of the road surface and crosswinds, and it will tend 
lo b« more stable in a straight line. On the other hand, although a shorter 
wheelbase reduces stability, steering responsiveness is improved, and the car will 
be agile around corners. In terms of comfort, a longer wheelbase is generally 
considered heller. 


► Overhang 

The front overhang is the length of the car that extends beyond the centre of the 
front wheels to the foremost end of the front bumper. Rear overhang is the length 
of the car that extends beyond the centre of the rear wheels to the end of the rear 
bumper. If the parts of the car on this overhang area are heavy, the yaw moment 
of inertia (resistance to turning] increases and manoeuvrability is reduced. 
Because of this, components of a car with significant weight should be placed 
within the wheelbase whenever possible. This is especially true for heavy 
components such as the engine. However, an overhang of some length is 
important for aerodynamic purposes, so it cannot be avoided altogether. 
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A car's performan 
dependent on 
its dimensions 
and weight 

— 

► Track Width 

1 1 lick width" refers to the distance between the left and right wheels of a car. Increasing track width will lower a 
vehicle's centre of gravity. Generally speaking, increasing track width improves traction when cornering, and 
Increasing the track width of the drive wheels will increase contact with the road surface, and thereby improving the 
Vehicle's ability to transfer its power to the road surface. A smaller track width, on the other hand, will offer quicker 
bundling but will reduce stability. It's common for racing cars to have different track widths for the front and rear 
wheels so as to improve handling. 




1 



► Height 


Hi’iflht is measured from the road surface to the 
!ii||hust point of a vehicle. Lower height means a 
l»wer centre of gravity, reducing roll when 
dimming and increasing turning speed. However, 
lower height also means less room for passengers 
mid shortened suspension stroke (the amount of 
mom (hat suspension springs have in which to 
expand and contract), and increases the risk 
of bottoming out the suspension. 




p Weight 

Weight is a crucial factor in determining vehicle performance. The lighter the car. the less demand on the engine, and the more power can be used for movement. 
Illlicr benefits include reduced brake wear and more efficient cornering. The weight of a car divided by its maximum power output is known as the power-to-weight ratio. 
I In- smaller this ratio, the faster acceleration will be. and the sportier the ride. This also has a major effect to fuel economy, and reducing the weight of a car is now an 
impurtant factor in designing new cars in terms of environmental impact and performance. 
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Drivetrains and Weight Distribution 

Like size and weight, drivetrain is another basic vehicle specification. 
Drivetrain specifications are pairs of tetters that describe the location of the 
engine and the drive wheels in terms of front , middle and rear , with the 
engine location indicated first and drive wheels second. FF, FR. MR, and RR are 
some of the more common drivetrain specifications. This information is important 
because the location of the engine - the heaviest part of the car - and the 
wheels that it drives will have a huge effect on weight balance and movement. 

In cars with good weight balance, the power of the engine will be effectively 
transmitted to the drive wheels, and will positively impact starting and 
acceleration. Braking at speed will also be more effective, as the car will 
pitch forward less. 


But the most important benefit of good weight balance is improved cornering. 
Cars with poor weight balance can be destabilised more easily by centrifugal 
force and are at higher risk of spinning out of control. 

The ideal weight balance is 50:50 between front and rear, and left and right. In FR 
cars where the engine is at the front and the drive wheels are at the rear, this 
distribution is easily achieved. However. FF vehicles (and 4WD vehicles, which are 
often FF based], where the engine and drive wheels are at the front, 
will be front-heavy, and RR cars will be rear-heavy. Most FF cars now have their 
engines mounted transversely ("sideways" when compared to most vehicles) to 
try to improve weight distribution. However, hindrances due to weight balance are 
not impossible to resolve, and problems can be improved by tuning and driving to 
compensate for imbalances. It is subtle differences like these that mean an MR 
racing car would win against an FR car with good balance. 
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V Types of Drivetrains 
FR 

► Front Engine. Rear-Wheel Drive 

(his is a conventional layout, with the engine located at the front and the drive wheels at the rear. An even weight 
distribution is easily achieved in vehicles with this layout. In addition to good handling characteristics, it has the 
advantage of having a good steering feel because the wheels used for steering (front) are separate from the drive 
wheels (rear). However, it can be difficult to gain traction (and thus drive power] on some surfaces. 

FF 

► Front Engine. Front-Wheel Drive 

A layout with both the engine and drive wheels at the front. Locating the heavy engine and trarsmission together in the 
liont means that the cabin can be bigger, but inevitably results in a front-heavy weight-balance. Also, as the front wheels 
manage both drive power and steering, the grip of the front tyres is divided between maintaining forward movement and 
turning when cornering. Because of these reasons, this layout is relatively unsuited for high-powered vehicles. 

MR 

► Mid-Engine. Rear-Wheel Drive 

A layout with the engine located in the middle of the car. powering the rear wheels. Mounting the engine near the 
nrntre of the car makes it closer to the car's centre of gravity, which makes sharper cornering possible. It also ensures 
maximum grip in the front and rear tyres during acceleration and deceleration. This layout is a popular choice in sports 
and racing cars built for speed. 

RR 

► Roar Engine, Rear-Wheet Drive 

A mar-wheel drive layout with the engine mounted in the rear overhang behind the wheels. This layout focuses the 
weight in the rear of the vehicle, pushing the rear wheels down onto the road surface and thereby improving traction 
iiml acceleration, However, it reduces load on the front wheels, making it easy to understeer when first entering a 
i diner. Also, as there is so much weight on the rear wheels, if the rear end slips out it does so violently, and requires a 
Itiyli level of driving skill to recover. 

4WI) 

► Foui-Wheel Drive 

A configuration where power is delivered to all four wheels. Despite the increased weight, this layout is the best-suited for 
binding starts and acceleration. However, its extremely high stability can cause it to be difficult to turn. It is possible to make alt 
iblvu layouts into four-wheel drives, but the control of the vehicle will be greatly influenced by the drivetrain layout on which it 
i'! based; Generally, either the front or rear wheels will be considered the "main” drive wheels, and more torque will be delivered 
In Hie opposite wheels if the "main" wheels slip. 
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The Heart of the Automobile 


The engine is at the heart of a car. Understanding the engine and how it works is the key to 
getting 100% out of a vehicle. 


Mechanism and Principles 

Wffl. 

Most cars are equipped with a four-stroke cycle reciprocating engine. 
Reciprocating engines are made up of cylinders within which pistons move back 
and forth to create energy. The four strokes of the engine are intake, 
compression, power and exhaust. 

Let's take a closer look at these four strokes of the cycle. In the intake stroke, 
the intake valve opens just before the piston reaches "top dead centre" - the 
position where the piston is at the top of the cylinder. When the piston starts to 
go back down, an air-fuel mixture is drawn in through the open valve. When the 
piston reaches the bottom of the cylinder, the intake cycle is complete, and the 
compression cycle, during which all the valves close and the rising piston 
compresses the air and fuel in the cylinder, begins. 


Just after the piston has reached the top of the cylinder compressing the air-fuel 
mixture, the spark plug is ignited, causing the fuel-air mixture to explode. 
This is the power stroke, at which point the inside of the cylinder can reach 
temperatures of up to 2000°C. and pressures of up to 200 atmospheres. This high 
temperature, high pressure combustion force pushes the piston back down, 
turning the crankshaft, and in effect converting thermal energy into mechanical 
(rotational) energy. When the piston reaches the bottom again, the exhaust stroke 
begins, and the exhaust valves open so that the left-over gases can be discharged. 
These gases are not discharged by the motion of the piston, but are mostly 
discharged by their own heat and pressure, which causes them to fly out through 
the valves. Once the piston reaches the top again, the intake valves open, and the 
cycle begins afresh. A reciprocating engine runs through these four stroke cycles 
and turns the crankshaft at several hundred times a minute when idling, and 
several thousands of times per minute at high speeds, to continue creating power 
for the car. 
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How does an 
engine work? 


‘ Types of Cylinder Configurations 

► In-line Engine 

Multiple cylinders are aligned in a single row. All cylinders share one crank shaft 
ind the cylinder block is made up of a single piece, so construction is simple and 
iIn’ engine can be relatively lightweight. However, the more cylinders there are, 
Hio longer the engine will become, which starts to become a hindrance as more 



► flat Engine 

Alternating cylinders arranged horizontally. The right and left cylinders are 
horizontally opposed with the crank shaft in the middle. These are sometime 
< idled "boxer" engines, because the pistons moving left and right resemble the 
Mir, of a boxer. The benefit of this engine is its low centre of gravity due to its 
(minced height. 


► V Engine 

Right and left alternating cylinders mounted in a V-shape. The crank shaft can be 
made shorter, and has the advantage of being compact with even a targe number 
of cylinders. Regardless of the number of cylinders, there is little vibration, and 
the short cylinder block and crankshaft are superior in terms of rigidity. 



► W Engine 

This used to refer to an engine with a single crankshaft with three lines of 
cylinders fanned out in the shape of a W. but in recent years engines with two 
narrow angle V engines joined together is also called a W engine. The width of the 
W engine is greater than that of the V engine, but its shorter crankshaft makes it 
more advantageous in engines of 12 cylinders or more. 
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THE HEART OF THE AUTOMOBILE 


Valve Configuration 

In a four-stroke engine there are two types of valves: the intake valves that open 
during the intake stroke, allowing the air-fuel mix into the engine, and the 
exhaust valves that open during the exhaust stroke, releasing waste gases. 
The valves are located in the cylinder head and play an important role in 
connecting and blocking off the combustion chamber. 

Modem engines typically have the camshaft at the top of the engine, which 
allows more reliable valve movement. Most modern engines have k valves per 
cylinder with 2 intake valves and 2 exhaust valves, but engines that focus on 
combustion efficiency at the low RPM range with 2 valves per cylinder, consisting 
of 1 intake and 1 exhaust valve, will probably be making a comeback in 
the future. 


Types of Valve Configuration 


DOHC 

► Double Overhead Camshaft 

DOHC stands for Double Overhead Camshaft. In a 
DOHC engine, one camshaft operates the intake 
valves and one camshaft operates the exhaust 
valves. Other than ensuring stable operation by 
sharing the work over two camshafts, it also 
means that there is less reciprocating mass 
(inertia) in the valvetrain. and this makes it 
possible to achieve higher RPMs with the engine. 
This in turn allows better power output, which is 
why this layout has been adopted in most of 
todays high-performance engines. 



The latest trend is towards variable valve timing. Initially, this allowed valves to 
have two timings - one for low revs, and one for high revs - bot more recent 
developments allow valve timing and lift to be varied continuously to match the 
engines' revs. In the latest variable valve mechanism of the "Valvetronic" BMW 
engine, power adjustment is accomplished without using the throttle valve, 
achieving greater efficiency. 



SOHC 

► Single Overhead Camshaft 

A single overhead camshaft is an engine with a single 
camshaft operating the exhaust and intake valves. 
Depending on the type of combustion chamber, the 
camshaft can either directly operate the valves, or it 
can operate the valves through rocker arms. 
Compared to an OHV engine, valve movements are 
more reliable, and higher revs are possible. Compared 
to a DOHC engine, valve movements are not as 
smooth, but high RPM SOHC engines exist, so they are 
not always inferior. 



OHV 

► Overhead Valve 

An overhead valve is. as its name suggests, a system 
where the valves are mounted on the cylinder head. 
Unlike an SOHC or DOHC setup, the camshaft is located 
to the side of the cylinders and the camshaft operates 
the valves with long arms called "pushrods". 
This structure is simple and is easily maintained. 
However, valve operations in these types of engines are 
not as reliable at high RPM. and are not generally suited 
for high power. 



Rotary Engines 
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MnlHiy engines (also known as Wankel engines) produce power in a manner 
•iinilni lo reciprocating engines in that they go through the four stages of intake, 
compression. power and exhaust. However, these processes are performed in a 
vMiydiffeient way. 

In iltMil of cylinders, this type of engine has a cocoon-shaped (epitrochoid) rotor 
IWUiing, within which sits a triangular rotor. This rotor orbits the eccentric shaft 
willuii the housing, which expands and contracts the spaces between itself and 
llm housing, and it is in these spaces that intake, compression, power and 
llbmist cycles are carried out. A rotary engine will usually consist of two or three 
nf tbr.n rotors moving within an equal number of rotor housings. 

in typical engines, the reciprocating movement of multiple pistons makes smooth 
|i»wi!i control difficult and also produces a lot of noise and vibration. 
Mownver, since rotary engines are based on rotational movement, the operation of 


the engine is much smoother. Another benefit of this type of engine is its lack of 
valves, which greatly reduces the number of parts. Rotary engines also used to be 
significantly lighter, and although advances in reciprocating engine technology 
have reduced this difference, rotary engines are still the moie compact of the 
two designs. 

The timing of the intake and exhaust processes in a rotary engine is dictated by 
the shape and positioning of the ports Ithe channels through which the gases 
move in and out) in the rotor housing wall. Tuning a rotary engine's intake and 
exhaust is a matter of changing the shape and position of these ports. Also, as 
rotary engines have no exhaust valve, and exhaust gases are emittec directly 
through the exhaust port with no interference, they work well with turbochargers. 
Compared to a reciprocating engine, a rotary engine is at a disadvantage in terms 
of fuel consumption. This is due to the relatively large surface area in relation to 
the combustion chamber capacity, which causes increased heat loss and lower 
efficiency in converting thermal energy to mechanical energy. 
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,«1 Engine_I 


Forced Induction 

An increase in the amount of air flowing into an engine wilt result in an increase 
in power. The simplest way of achieving this is by increasing engine 
displacement. However, it is also possible to achieve a similar effect without 
altering displacement, through a process known as "forced induction". 
This involves forcing more air into the engine through compression. Devices that 
perform this process are separated into two categories: superchargers 
and turbochargers. 

The amount of pressure added when the air is compressed is known as the 
"boost", and the more boost, the more power can be achieved, One atmospheric 
pressure is known as one bar, or Ikg/c of air. 

If the boost is 1 bar. this makes a total of 2 bars of atmospheric pressure 11 bar of 
natural air pressure plus 1 bar of boost) of air entering the engine, which is double 
the normal amount. The problem with forced induction is that as pressure increases, 
combustion energy also increases, v/hich can cause damage to the engine. 


For this reason, the internal parts of engines with turbochargers and 
superchargers are usually reinforced, and the compression ratio lowered to solve 
the problem of improper combustion. When air is compressed, its temperature is 
increased, and its density lowered. This effect is even more pronounced under 
intensive driving conditions or in hot weather, and prevents the engine from 
achieving maximum output power. 

It is said that a one-degree increase in temperature causes a loss of 
approximately 1 horse power, so it is normal to include an intercooler device to 
cool the compressed air. Turbochargers take time to kick in, as their forced 
induction is powered by exhaust energy and there is a time lag until the boost 
pressure rises. 

On the other hand, superchargers powered by the engine crankshaft do not suffer 
this delay, but they do sap a small amount of power from the engine because they 
are driven by the crankshaft. Engines that harness the merits of both setups by 
utilising a supercharger for low revs and a turbocharger for high revs have 
recently started to attract a lot of interest. 


► Superchargers 

A supercharger is a compressor, usually powered by a belt 
attached to the crankshaft, that compresses air before it is 
introduced to the engine. Because the compressor is powered by 
the rotation of the crankshaft, it has a high supercharging effect 
at low RPM and accelerator response is better compared to 
a turbocharger. 

A supercharger also tends to work well in cars with automatic 
transmission. The illustration here is of what is known as a "roots 
blower", but several other types of supercharger exist, including 
Lysholm compressors and scroll-types. 



Rotor Shalt 


Rotor 


Gear 



084 


02 


Achieving the same 
effect as increased 
displacement 


► linlrochargers 


N.nned "turbo" due to the turbine which powers its compressor. 
A iinbocharger uses the gases released through the exhaust pipe 
In turn its turbine. Because it uses the energy from the exhaust 
Hir.es, there is no power loss at high revs as there would be with a 
Miporcharger. However, at low RPM's there is less exhaust gas 
pinduced, the turbine will not turn at operating speed and it takes 
lime for the turbine to spool (speed up] when accelerating. 
Ilils momentary delay in response is known as "turbo lag". 
A v.uicty of systems have been devised to compensate for this and 
limy are still continuing to evolve. In Europe, turbochargers are 
Increasingly being used for smaller engines for improved 
liml economy. 



Compressor Wheal 


Turbine Housing 


Compressor Housing 
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Hybrid Systems 

!•"’ |Mit|inr.n nl a byliiid system is to increase fuel economy by using both an 
'"'III!'" ond mi electric motor. Japan has been the leader in hybrid car 
iIiiviiIii|»iiiii)|. ,md although these hybrid systems have been known mainly for 
il'in iitivltniirnnntal benefits. European sports car makers have begun to develop 
•"'ini' willi Iho imlcntial to power a new generation of high-performance vehicles. 

"i" wiiiikni'v. nl ;m internal combustion engine is its inefficiency when idling and 
in i ftlniiillnii l/iiin n standstill. On the other hand, an electric motor can generate 
uimiiiiiiiii lOf(|UO a I almost zero revolutions and because of its high efficiency. 

III" '■•MMiiniwiili! lor the poor performance of an engine at low revs. A combustion 
' "H"'" i' 'dill more efficient at speed, so the overall efficiency of the hybrid car 
' |liirivml by combining the strengths of both systems. 

Driving usin 
both engine 


Another advantage of having an electric motor and a battery is that a hybrid 
system also benefits from the ability to recover energy. When decelerating by 
taking your foot off the pedal or when braking, the motor acts as a generator 
driven by the rotation of the wheels, which recharges the battery. This energy can 
then be reused afterwards to power the motor. In this way, the energy usually 
wasted as heat when braking can be reused to generate electricity instead. 
Another benefit is that the motor can be made to behave like a supercharger for 
■ the engine. Many hybrids made by European manufacturers actually place 
emphasis in (his direction, achieving the driving feel of a high displacement 
engine (with a small displacement engine) by adding electric motors rather 
than supercharging. 

Hybrid systems and their merits differ depending on how the motor and the engine 
are made to work together. There are now several types of hybrid systems in 
commercial use, but the variety will probably continue to grow. Hybrid engines for 
supercars are currently under development, and it will be interesting to see what 
kind of system will come into use in the future. 


g 

and motor 
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r The Toyota Prius 

► System Overview 



► When Accelerating from Standstill or at Low/ 
Medium Speeds 

When accelerating from a standstill or driving from 
low speed to medium speeds, the engine is not 
efficient and is stopped. Orive power is provided by 



► Ikipid Acceleration 

Boosted by the battery. Orive power from both the 
vngine and the motor combines, resulting in good 
iciponse and smooth acceleration. 




► '>[ies Hybrid 

Ihe role of the engine is solely to turn the 
nrnerator, and only the motor propels the 
cur. This system is simple, and the engine 
uni be located wherever desired. This is 
basically an electric car with a generator. 


Mechanical 
♦ lliive Force '■^Electricity 


► Parallel Hybrid 

The engine and the motor work in parallel. The motor is 
usually located between the engine and the 
transmission, resulting in high productivity. 
The downsized engine still plays the major role in 
providing drive force, and the aim of the motor is to 
assist the engine, in an attempt to combine drive 
performance and fuel efficiency. 


► Normal Driving 

Engine power is divided into two systems by the 
power distribution mechanism, one for driving the 
generator and one for directly driving the wheels. 



► Deceleration & Braking 

The wheels drive the motor, which functions as a 
generator, efficiently transforming the braking 
energy of the car into electricity, which is used to 
recharge the battery. (Also called regenerative 
braking.) 


1 ! 
► Battery Charging 

The battery is designed to maintain a constant level 
of charge. When the battery is low on charge, the 
engine will start up. drive the generator and recharge 
the battery. 



► Series-Parallel Hybrid 

Also known as a power-split hybrid. The power 
distribution mechanism uses a planetary gear to divide 
power between the generator and the motor. At initial 
acceleration and at low speeds ihe battery provides the 
power, while during normal driving conditions the engine 
runs as efficiently at the efficient RPM range while 
running the generator and charging the battery. 
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■ OH CHAPTER 02 

gjpSlg Mechanism 

t mm Engine 


THE HEART OF THE AUTOMOBILE 


Performance Keywords 

When looking at a vehicle's catalogue specifications, you'll be presented with a 
whole host of numbers and specialist terms. It is important to have a good grasp 
of these in order to really understand a car's characteristics and potential. 

There are five basic terms that define an engine's potential. You may think 
you are familiar with terms such as "horsepower'' and "torque", but let's take 
a closer look at them so we can really understand what they mean for a 
vehicle's performance. 



► Horsepower 

Horsepower represents the upper limit of the engine's ability, and is usually measured in units 
called "ps" or “HP''. One horsepower represents the engine's ability to carry a 75kg load 1 metre 
in 1 second. In other words, a 100 horsepower engine could carry 1 tonne 7.5 metres in 1 second 
at maximum power. Horsepower is calculated by multiplying torque by engine revolutions, so a 
low-displacement engine can stilt provide a large amount of output power if high enough revs 
can be achieved. Internationally, horsepower is also sometimes listed in kW (1 PS=0.735kWl. 



► Torque 

Torque is a measure of turning force. For example, using 1kg of force to turn a nut with a 
metre-long spanner would be exerting a turning force or torque of Ikg-m. In terms of engines, 
torque describes the strength of the force acting to turn the crankshaft. The higher the torque, 
the stronger the power maintaining the engine revs, and the easier the driver will find it to 
control the engine. 



metre from the crankshaft. 
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H lll«i|ilni 1'iin'iit/Number Df Cylinders 

|IU|iliii nmonl describes the volume of air-fuel mixture 
ItlWti Hilo an engine. In a reciprocating engine, this is 
MllMiliilml by multiplying the volume of the cylinders 
•fnnii llii! piston reciprocates by the number of cylinders. 
ff» linin' displacement, the greater the output power, but 
!h« linii'ii the volume of a single cylinder, the less 
►«lMy 11 ,urn ttie engine. That is why the number 
01 1 yilnilnis is increased to keep the volume per cylinder 
’III Aim), increasing the number of cylinders also 
Iflvimiio!. the number of combustion cycles per 1 rotation 
•I Hie 11 iinkshaft, and the revolution of the engine 
Itciniius smoother. 

|W0l«lly speaking, a cylinder's displacement should 
lie between 350cc and 600cc. However, engines with a 
'."hi 1 numbers of cylinders are more expensive, so 
toW» size is generally dictated by the size and class of 

the viiblck 


► Bore/Stroke Ratio 

The bore/stroke ratio is the relationship 
between the diameter of the cylinder and the 
length of the piston's movement within the 
cylinder. Engines with a ratio of less than 1:1 
are known as "short-stroke" engines, while 
those with a ratio of more than 1:1 are 
"long-stroke '. A ratio of exactly 1:1 is known 
as "square". The size of the bore/stroke 
ratio affects how the engine behaves. 
Generally speaking, a long-stroke engine can 
produce torque at low to medium revs, but 
power at high revs is harder to achieve, while 
the opposite is a true for a short-stroke engine, 
it is also useful to know that when the piston is 
at the very top of the cylinder, this is called 
Top dead centre". And when at the bottom of 
the cylinder, the condition is called "bottom 
dead centre'. 



Vfoinprussion Ratio 

Uni i (impression ratio describes how much the air-fuel mixture drawn into the 
infllim i'i compressed. Engine power is greatly influenced by compression ratio. 
Hm. 'impression ratio is calculated by dividing the volume of the cylinder when 
■llllly open ( "total cylinder volume") by its volume when fully closed ("combustion 
MmiiIhu volume"). Total cylinder volume is the displacement plus the combustion 
i limiilii'i volume. 


For example, in a 2000cc. 4-cylinder engine, displacement per cylinder is 500cc, 
If the combustion chamber volume is 50cc. the total cylinder volume is 550cc. 
550cc divided by the combustion chamber volume (50cc) gives a compression ratio 
of 11. Typically, naturally-aspirated engines have a compression ratio of between 9 
and 11. Compression ratios of over 10 produce high output for the amount of 
displacement. Engines with forced induction devices generally have compression 
ratios of between 7 and 9. 
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The Drivetrain - 
Turning Power into Speed 

Gearing and traction are necessary to turn power into speed. 

The parts of the drivetrain have a massive impact on driving performance. 


Transmission 

An engine revolves at anywhere between several hundred and several thousand 
times a minute. This would be too fast to turn the wheels directly, so an 
intermediate mechanism is needed. This is where the transmission comes in. 
The transmission uses different gears to transmit the appropriate amount of 
power and speed to the wheels for any given situation. 


Thus, when accelerating from zero, a large gear (with slow rotation but high power) 
is used to transmit enough power to set the car in motion. A large gear will create 
a lot of torque, but will rotate slowly. This means that in first gear, even revving to 
the limit will only produce speeds of several tens of kilometres per hour. This is 
why several gears are used, gradually getting smaller as the driver shifts up and 
producing more speed and less torque. The ability to move freely between these 
gears allows the driver to use the right gear for the right situation. 



Let's look at how gears work. If a small gear is driving a larger gear, the larger 
gear will rotate slowly, but its torque will be increased. Conversely, if a targe gear 
is driving a smaller gear, the small gear will turn faster, but with less torque. 

The transmission can make use of these principles to fit the appropriate gear to 
the appropriate situation. A car needs most power when accelerating from 
a standstill and, conversely, only needs a smalt amount of power to maintain a 
steady speed. 


Countershaft 


Or an actual car. in addition to these gears of these transmission which are 
connected directly to the engine, the overall gear ratio is determined by- 
combining with another "final gear” that is between the transmission and the 
drive wheels. The gear ratio can greatly affect the driving characteristics of a car 
and especially in circuit racing, the selection of the proper gears suited for the 
course will be a major key in improving your lap time. 


4th Gear 3rd Gear 2nd Gear 1st Gear Reverse 5th Gear 


Output Shaft 
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Ifficiently harnessing 
drive power 



r Types of Two-Pedal Transmission 


Al 

* Automatic Transmission 

• wninion transmission that uses a torque converter 
1 1 lypp ol fluid coupling) to automatically change gear 

BfaUflil on speed and engine RPM. The system uses 

* ill.liny gears controlled by hydraulic pressure. 

'Iliih Hit' advantage of smooth transition between 
l|Min, but the hydraulic slippage and loss due to the 
causes poor fuel economy. 


CVT 

► Continuously Variable Transmission 

A continuously variable transmission does not 
change through gears one-by-one like a normal 
transmission. Instead, it uses two pulleys or discs 
connected by a metal belt or chain, to seamlessly 
and continuously vary the gear ratio. It is extremely 
smooth, producing no shock from gearchanging, and 
allows the engine to run at peak efficiency under 
almost any conditions. 


DCT 

► Dual-Clutch Transmission 

A duat-clutch transmission is basically a system in 
which the operations of a manual transmission have 
been automated by the use of two clutches. Odd and 
even gears are separated onto two shafts, and by 
instantly switching between them with the clutch, it 
shows shifting performance that exceeds that of 
manual transmissions. In the AT. the rotational limit of 
the planetary gear places a restriction on the maximum 
RPM of the engine, but the DCT is compatible with high 
RPM engines. This is a transmission system that wilt 
continue to grow hereafter, being suited for both 
sportscars and eco cars, (see also "OSG" on page 117). 


The Final Gear 

•I' 1 ' H |! 'ir (fiat mediates the final transmission of power from the engine to the 
iliiv«' wheels is known as the 'final gear". It is the last step in the chain which 

. .1' "ngine revolutions down to an appropriate speed to power the wheels, and 

dun i hinges the direction of the power by 90 degrees in cars where the engine is 
rnuiililbd lengthways. 


The final gear is independent of the transmission, and replacing it is a simple and 
often extremely effective way of adjusting how a car behaves. In sports cars, the 
gear ratio of the final gear is usually large to improve acceleration performance, but 
if the focus is on fuel economy, a smaller ratio can be used to reduce overall revs. 














































































































Drivetrain 


TURNING POWER INTO SPEED 



Differential 




A differential is absolutely essential in vehicles with drive wheels on both the left 
and right sides. If we only ever drove in straight lines, differentials would not 
be necessary, but as soon as a car turns a corner, the need for one becomes 
very clear. 


When cornering, the wheels on the outside of the corner have to travel further 
than the wheels on the inside. If the inside and outside drive wheels cannot be 
driven at different speeds when this happens, the inner wheel will resist and skid 
and the car will find it difficult to turn. The differential is a type of gear, 
integrated with the final gear, set between the drive wheels in order to solve 
this problem. 


Take a look at the diagram above-right. Engine power is transmitted through the 
final gear to the ring gear. The ring gear has two pinion gears fixed to it which 
turn the two adjacent side gears, and these gears transfer the power to the left 
and right wheels. 


However, when cornering, resistance is generated by the wheel on the inside of 
the corner and this is transmitted to the corresponding side gear. When this 
happens, the pinion gears, which were revolving evenly with the side gears 
without turning, will begin to turn to allow a difference in rotation speed to 
develop between the left and right wheels. This means that slightly less power 
v/ill be delivered to the wheel encountering resistance on the inside of the turn, 
and slightly more to the wheel travelling further on the outside, and each wheel 
will turn at the correct speed to negotiate the corner. 



When the car is moving in a straight line, the rotation of (he final gear operates the 
ring gear, turning the pinion gears and is transmitting power evenly to both of the 
side gears. Here, both the left and right wheels turn at the same speed. 
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jmooth. solid cornering 


Limited-Slip Differential 

Wi 1 |iisl went over the role of a differential in a corner, but they have one disadvantage 
II Him drive wheel loses contact completely with the road surface, the other drive wheel 
Mill not receive any drive powei, and the wheel that is not in contact with the ground will 
d'lu wildly. This is because the differential is trying to correct the difference in rotation 
hy ItiiiiBleiring all the drive force to this one wheel. This phenomenon can also be seen in 
mis 'iliick in ice or snow, where the complete loss of traction on a single drive wheel 
igiiiii causes that wheel alone to spin uselessly. 

A liimlod-slip differential ILSD] is a system that is designed to suppress the function of a 
ililltui'iitial when there is more than a certain amount of difference in rotation speed 
Imlwimn the right and left drive wheels. 

Hih ulna of an LSD is to ensure that the correct amount of drive power is distributed 
liiU wuimi the drive wheels by using a device to limit the difference in turning speed 
Irtlwuen the two side gears. There are several ways of achieving this, including multi- 
HUlch systems electrically controlled systems and systems that rely on friction acting in 
BNOUS fluids. In sports cars, LSDs are used not so much for escaping mud and snov/y 
pul (idles, but to ensure effective use of drive power and improve handling. 



■ r Types of LSD 

►'Kiif|ue Sensitive Type 

■ A system that employs specially designed gears. 
Wlmn a difference in torque arises between the left 

i uuil lujht wheels, resistance increases between these 
I jmis. limiting the amount of difference that 
I wiii occur. As these systems can place strict limits 
Jr (in iliive-wheel speed difference, they are effective in 
HilPmAnding driving situations such as circuit driving 
■ nil their response time is also very short. There are 
I 'tevirral types of torque-sensitive LSD. including 
Hmiilli-gear, Torsen and helical. 


► Speed-Sensitive Type 

These systems generally restrict the differential 
using a highly viscous silicon oil rather than gears. 
The most common system of this type is the 
viscous-type, which uses the shearing resistance of 
the oil, but there are also so-called “orifice-type" 
systems that use the resistance of oil moving 
through small orifices. These systems cannot 
restrict movement as well as the torque-sensitive 
types and their response is not as good, but they are 
easier to control on low-traction surfaces. 


► Active-Control Type 

Electronically controlled systems that use a 
computer to gather and collate information from 
sensors and control the difference in drive-wheel 
rotation. Many competition racecars. particularly 
rally cars in the WRC, use these systems, and some 
commercial vehicles have also adopted them. 
Limitation of the differential's operation is controlled 
by friction plate pressure, using a hydraulic or 
electromagnetic clutch. 
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The Framework that 
Supports it All 

A car's body shape and construction can affect its performance just as much as its engine 
and transmission. This is the foundation that determines good or bad control. 


Body Performance Requirements 

Along with the engine and suspension, the body makes up the basic framework that 
dictates how a car will behave. The most desirable qualities in the body of a car are 
rigidity, strength and. once these have been established, a lightweight construction. 
The best way to think of rigidity and strength is in terms of "resilience against 
deformation" and "resilience against breakage" respectively. 

Rigidity has a particularly strong influence on driving performance. For example, 
when load increases or shifts while driving on a bumpy road or cornering, a rigid 
body will not bend or change shape as a result. 


The forces acting on the body of a car are not constant. There are those that have 
a slow and gradual effect and those that impact suddenly and violently. Cars are 
often described in their publicity material as having good rigidity when turning or 
under torsion, but this usually means only when these forces are applied slowly. 
A truly rigid body should be able to sustain sudden impact from any of the forces 
that may act upon it. 

Strength can be thought of as a car's toughness. If a car with tow strength takes 
an impact, it will sustain heavier damage. However, it is not enough just to 
minimise damage - a car with high strength must be built in such a way that the 
shock of an impact is not transferred to the passengers. 


Even if the body shape does change, it should return to its original shape 
immediately so that the suspension can operate normally and the tyres can continue 
to grip the road. The more rigid a car's body, the easier it is to transmit powei to the 
road surface, the more predictable the car's behaviour will be and the easier the car 
will be to drive. Conversely, if the body deforms easily, it will be more difficult to 


Ideally, a car's body should have a good balance of high rigidity and strength. 
The easiest way to increase both of these qualities is through reinforcement, but 
then an increase in weight becomes unavoidable. This is the major reason why 
convertible cars without roofs'actuatly become heavier than closed top cars, as 
their floors are reinforced. 
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rength and rigidity 


* ,Ih>rly mi.Frame 

it H'purato frame or body-on-frame types, the engine, 
tfVMrniiiiian, suspension etc. are fixed to a frame and then a 
(l|iilfiitlty manufactured body is attached. There are various 
funii* designs, including ladder, backbone, perimeter and 
plMlIoim, but ladder frames are the cheapest and also the 
■MHIiihI to strengthen, and are therefore the most common, 
|mi!ii utility in off-road vehicles. Another type of body-on-frame 
is created by welding lots of small pipes together to 
IHAke u frame to which panels can then be attached. This is 
known us a multi-tubular frame, and cannot be disassembled 
mik n limit However, it is easier to achieve high rigidity and a 
U|lllwnl(|lit body with this type of frame, and modification and 
ttpuiis are simple, so this construction is often adopted for 

* n iiu| cars or low-votume production sports cars. 




* Hu unique Body 

Hus is the most common body type in modern vehicles where 
Him Irune and body are combined. The strength of the body is 
BTIOlcd through the entire assortment of parts like the 
i umponent body panels, and is lightweight and rigid. It also has 
ail nrivuntage in that the floor height can be towered and it is 
at absorbing energy in an impact. The fact that the 
inuini’ and suspension are directly attached to the body 
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Brakes - Thermal Exchangers 
that Reduce Speed 

A car's brakes turn drive energy into heat energy in order to decelerate. 

Not only must they have stopping power, these essential components must also 
be able to dissipate heat effectively. 


Construction and Principles 

A car's brakes turn kinetic energy into heat energy to achieve deceleration. 
The brakes are also responsible for ensuring a car doesn't move when parked. 
The basic components of a brake system include a control device which takes the 
input from the driver, a hydraulic system that relays the control operation and the 
actual braking device. Recently, this process has been improved with the 
introduction of control mechanisms that multiply driver input to increase braking 
power, and ABS systems that stop the wheels from locking up. 

The brake pedal and the brakes are connected via a hydraulic line. Since the 
Pascal principle applies to a hydraulic line, the brake pedal is connected to a 
large cylinder. The pressure built up at this cylinder is boosted and sent to the 
brake pad or brake shoes. The pads and shoes are made of high friction materials 
and by pressing these against the brake disc or brake drum, kinetic energy is 
converted into thermal entergy, thereby slowing the car down. 


The fluid used in the hydraulic line is not oil and is a specialised fluid made 
for brakes. Brake fluids must not boil when exposed to the heat of the brakes, and 
there are various types of brake fluids with various boiling temperatures available. 
As motorway driving has become more common, the front brakes of most roac 
cars have moved from drum to disc brakes. In a disc brake system, braking force 
is applied on both sides of the brake discs by the brake pads that are supporter.' 
by the calliper. 

Disc brakes have advanced along with other car technologies, and ventilated disc: 
with impioved cooling properties have been developed. Calliper technology has 
also improved, with traditional floating callipers being replaced by large, higt 
performance opposed-piston callipers. 



Signal Path 
Brake Pipe 


ABS Actuator 


Computer 


Front Sensor 


Rear Sensor 


Brake Pedal 


Master Cylinder 
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What 


makes a car stop? 


* film Hrnkes 

|lf> linn in applied to both sides of a metal disc that turns with 
t(iv wlmnls, Their major advantage is that because most of the 
(lHI|nnieiil!i, including the disc itself, are exposed to the elements. 
Wiillintlon and heat dispersion are excellent, making them less prone 
lil flwheaiing. Another benefit of disc brakes is that if they get wet. 
Ini' w.itnr will naturally disperse as the wheel turns and there will be 
(fir Aiipnlicant friction loss. It is easier to perform sensitive control of 
(Dp broke*; through the brake pedal with disc brakes, but the brakes do 
mil multiply Iheir own braking power as in a drum brake, and holding 
iljrllHy when parked is less than that of a drum brake. 
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» Drum Brakes 

flrnki'Mi is oerformed by pushing brake shoes against the inside of a 
Hfllmliical drum that turns with the wheels. Heat dispersion is poor, 
Anil nvi-ilieating occurs much more easily than in disc brakes. Also, if 
Wllfll miters the drum, it takes time to recover friction. However when 
Mkinri, the rotation of the drum automatically drags the shoes against 
lilt friction surface, causing the shoes to bite more and producing 
mmilonal braking force. In passenger cars, it is normal for drum 
ilrtkcii to be fitted to the rear wheels, which take less of the 
bulking burden. In larger vehicles, drum brakes are often mounted 
llPdili* disc brakes on the rear wheels to act as a parking brake. 




f Braking Problems Caused by Excessive Heat 


I filling is a reduction in braking force caused by overuse of the brakes. 
Hit* pads or lining overheat and release gas, which acts as a sort of lubricant 
Did reduces friction. 


, ...T 

► Vapour lock 

This is a condition in which the brake fluid has absorbed the heat from 
overheating pads or brake lining and has boiled, creating air bubbles in the 
brake line. When the brake pedal is pushed, the pressure isn't passed effectively 
through the fluid and, in the worst case scenario, the brakes will fail to 
work completely. 




































BRAKES - THERMAL EXCHANGERS THAT REDUCE SPEED 



lypes of Brake Disc 


► 'mini lllHCD 

tin In Hi" mnsl haste type, consisting of 

« .1 1 rniiti)l disc. Heat dispersion is 

inlmiiH in Hut ol ventilated discs, but tow 
iti.iimliit tilling costs mean that solid discs are 
iilimi iimmI m the front brakes of light cars and 
iihu mi Uni ir.ir brakes of four-wheel drive 
ye In i Inn wIiimi' the braking loads are 
inliilivnly tuniill All discs, including ventilated 
ilcn n, inn'll to lie strong against frictional heat 
nmi i|iniil ni dispersing heat, which is why the 
iiin|mily inn made from cast iron. 



► Ventilated Discs 

Two discs are layered together and there 
are holes between them to provide ventilation. 
These were initially developed for racing cars 
but are also now common in passenger cars. 
Compared to solid discs, the surface 
temperature is reduced by around 
30%. increasing resistance to fade 
and lengthening brake pad life. 

The downside is that their double 
thickness makes them a 
little heavier. 



Advanced Ventilated Disc Types 


►1 him Hi Kind Discs 

'iiiini.ii In it ventilated disc, but with additional holes drilled on the disc surface 
in im ihiim' heal dispersion and cooling. These are frequently used in racing cars 
.uni IiiiiIi purlormance snorts cars. The holes are also effective at removing the 
ilii'il lanniud when braking. Another type of disc called a "slotted disc" has 
i liuinii'l', ninchinod into its surface to achieve the same effect. 


I--I 

► Spiral Fin Discs 

Two discs are layered together, with heat-dissipating fins arranged in a spiral 
shape between them. These fins are designed using numerical analysis of the 
airflow in the disc, to provide maximum air flow through the disc. As a result, 
heat is dispersed extremely efficiently as the wheels turn. These discs are used in 
high-performance sports cars and heavier high-powered saloons. 



fiscs and callipers 




Types of Calliper 


---j 

► floating 

A Hooting calliper has a piston mounted on one side, which pushes the brake pad 
MQilnst the disc when the brake pedal is pressed. The opposing force presses the 
liiukr pad on the other side against the disc's other side. Contact between the 
(indri and the disc is constantly adjusted, and there is no time lag between the 
■rlinri of the two pads, ensuring an identical braking feel every time. The calliper 
Klllf is small and light and can still provide braking power, even if the disc warps 
from extreme heat. Although they begin to lose effectiveness in in sustained 
inring situations, they present no 
liiobtems at all for regular driving. 
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► Opposing Piston 

This is a setup in which brake pistons are located on both sides of the disc, to 
squeeze the brake pads against the disc from both sides. Because this setup 
makes the callipers larger and heavier, there's little choice but to make the 
calliper body out of aluminium to reduce weight, which in turn makes it difficult 
to maintain proper rigidity for the calliper unless it is properly designed. It is very 
effective in racing on a circuit, but to fully utilise their full potential the brake 
discs also need to be floating mount discs; otherwise with normal brake discs the 
heat will distort the disc, putting it at 
an angle so that the brake pads cannot 
properly engage the disc surface. 

With larger brakes becoming popular, 
multiple piston brakes with 4 pot and 
6 pot callipers having a wider brake 
pad surface area have also been 
applied to commercial cars as well. 

A visibly large, opposed piston calliper 
peeking out from behind the alloy 
wheels is a strong indication of the 
car's high performance. 




























































Apex IThe Gran Tins™* Exe'usiv# Magazine! 

Mechanism 



Dampers for Controlling 
Body Movement 

Compression and extension may seem like a simple process, but without a proper suspension 
system you wont be able lo drive a car straight, let alone control one. 


Construction and Principles 

The suspension is the mechanism positioned between the body and the wheels to 
absorb the shocks that the wheels receive as they support the body of the car. 
It also has an important influence on handling, and as such, is an important 
mechanism in a car's construction. Suspension can generally be categorised into 
dependant suspension systems where the movement of one wheel affects the 
wheel on the opposite side, or independent suspension where left and right 
side wheels move independently without affecting each othei. Examples of 
dependant suspension include beam or live axle, linked or torsion beam 
suspension and independent suspension, including those such as strut type and 
double wishbone suspension. 

The suspension itself is made up of springs, shock absorbers and linkages. 
The springs absorb the shock from the road surface, and the dampers suppress the 
vibration of the springs to provide ride comfort and stability. The links restrict the 
movement of the tyres, so that the tyres will maintain optimal contact with the road 
surface. The suspension system plays an important role in pushing the tyres against 
the road surface through the springs, and thereby regulating their positioning. 

The illustration shows a strut-type suspension. After it was first used in Japan in 
the Toyota Corolla, it went on to become an extremely common suspension type in 
production cars. In a strut type suspension the casing of the strut dampei acts as 
and replaces the upper arm of a double wishbone suspension. This reduces the 
number of necessary components and allows for a larger engine bay. 



Controlling driving, 
turning and stopping 
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► Springs 

Springs absorb the impact taken by the car during driving and. as well as 
linsoning the shock, ensure that the car stays at a constant height. 
In addition to ensuring control, the springs are also an important factor in 
bundling and stability. It is no exaggeration to say that the setting of the springs 
fllono ran greatly affect a car's performance. Metal coils are most commonly 
Hind, hut some cars also have air-powered pneumatic suspension. 
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► lilinck Absorbers 

A i nilud spring can absorb impact when weight acts on it. but once it has done so. 
n will not stop bouncing vertically. The shock absorbers are what dampens its 
movement (also called dampers). The most common type of shock absorber uses 
renintance created by a piston moving through oil and gas. The slower back-and- 
lorlh movement serves to absorb the violent vertical movement of the spring. 
Monk absorbers affect control and stability in the same way as springs do. 


* Suspension Arms 

llm suspension arms are the parts that control wheel movement. They are 
Plltched to the body and axle with bushings in between. There are various types. 
»m II as the A-arm and l-arm. They are usually made from pressed steel, but 
Miinu sports models use aluminium components to reduce weight. In the case of 
aus|iension arms that are in sets of two as in a double-wishbone suspension, the 
|0P arm is called an upper arm and the bottom arm is called a lower arm. 

► Suspension Bushings 

binpension bushings are shock absorbing materials placed at the joints of metal 
link# and arms of the suspension or other mounting locations on the body. If the 
bushings are too soft, they will deform under large loads such as may occur during 
cornering. This will create an unwanted movement of the suspension and be 
duinmental to control and stability of the car. For this reason the suspension 
liliHliings are normally made of rubber material with very good shock absorption 
iDlWfacteristics, hut on competition racing cars, spherical metal joints called pillow 
I ills are often used instead, so that the suspension will move with the highest 
pinclsion possible. The suspension bushings are very important components that 
misuie the proper performance of the springs and the shock absorbers. 


I--j 

► Sway bars/Stabilisers 

A sway bar or stabiliser is a stabilising device that helps to suppress roll in 
vehicles using a torsion bar spring. It is also sometimes catted an anti-roll bar. 
It is connected to both ends of the tower suspension arms and only reacts to 
uneven movement of the left and right suspension. For example, when cornering, 
the body of the car on the outer side of the turn will sink down, white the body on 
the inner side of the turn wilt be lifted up. The sway bar will work to equalise this 
motion of the left and right sides, so that the car will not roll as much, stabilising 
the stance of the car. The effect of sway bars can be used to set a car against 
understeer or oversteer. 
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, Suspension t 


Types of Suspension 

Although all suspension performs the same basic roles of maintaining vehicle 
height and absorbing the bumps and load changes of driving, each type has its own 
particular characteristic. The characteristics of the suspension will affect driving 
performance such as cornering, the control of a car (which also affects safety), and 
even things like ride comfort. 


Suspension is always improving and new types are springing up alt the time 
A complicated system does not necessarily mean a better system, but the need tu 
deal with bumps and undulations instantaneously and to keep the wheels in 
constant contact with the road surface has led to the introduction of ever more 
intricate solutions. 



► Rigid Axle 

In a rigid axle suspension, the left and right wheels are connected by a 
single axle. As a result, movement on one side also affects the other, making it 
easier to lose contact with the road. The axle beams and axle housing are heavy, 
increasing the unsprung mass of the car. However, as it is cheap to manufacture 
and also strong, rigid axle suspension is often used for the rear suspension of 


► Independent Suspension 

Independent suspension allows the left and right wheels to move up and down 
individually, making it excellent at dealing with undulations and bumps in 
the road. In the case of. a rear-wheel drive car, this also helps transmit power 
efficiently to the left and right wheels. The system is light, stabte and offers a 
comfortable ride. 


inexpensive rear-wheel drive cars. 
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f Independent Suspension - The System of Choice for Most Sports Cars 

* M.nl'hfii son Strut 

A mitiplo suspension system consisting of a spring, shock absorber and lower control arm. The "strut" refers to 
Nil' dumper itself, which also serves as a support in this type of suspension. The upper part supports the body via 
<» iliniiiilliig rubber and the lower part of the shock absorber is supported by the lower arm. Fewer parts mean it is 
Nyluwiripht. and it has good stroke length, meaning that vibration can be absorbed over a broad range. 
Ilii' tiyslem was designed by Earle S. MacPherson, for whom it was named. 


• [hmlili! Wishbone 

A »li)!ii!|!i that supports the wheels on an upper and lower arm joined together. The arms are usually in the shape 
hi .i V .ind resemble the wishbones of a bird. Depending on the shape of the arms and the car's layout, it can 
i onliol changes in alignment and position of the car when accelerating relatively easily. II is also very rigid, 
flinkllifi It a popular choice for sports cars that prioritise control and stability. However, it has a complicated 
■Wlfuction using a lot of parts and takes up a lot of space. 




► Multi-link 

Ifibi ll nn advanced form of the double wishbone system that uses between three and five arms to maintain the 
pimltlriii of the axle rather than two. The arms are all separate, affording a tot of freedom as far as positioning is 
MiHi'ined and also allowing it to be set up very specifically. The increased number of arms allows it to deal with 
Blmant in many directions and keeps the wheels in close contact with the road surface at all times. 
Ilihi suspension type is often used for the rear suspension of high-performance FF cars to maintain stability at 
lilllh Meeds, and in high-output rear-wheel drive cars to maintain traction. 



| 


fhe characteristics of 
different suspension types 
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DAMPERS THAT CONTROL BODY MOVEMENT 








Take a look at a piece of furniture with wheels attached to it. If you took straight 
down from above, you should notice that the axle of the wheel is at a slight angle 
in relation to the axle connecting it to the piece of furniture. This slight 
misalignment is what causes the wheel to move in a straight line when pushed, 
rather than wobbling. 

Now imagine taking a car tyre and rolling it along the ground. If you sland the 
tyre up straight and roll it, it will move in a straight line, but if you lean it even 
slightly, it will turn in that direction as it rolls. 

From this, we can see that when wheels are mounted on a car, if they are set to 
the right angle it will be possible to move the wheels in a way suited to the 


operational conditions of the car. This is the basis behind wheel alignment 
(or suspension geometry). Driving, turning and stopping all rely on the fact that 
the wheels are aligned properly. This "positioning" of the wheels can maximise 
the performance of the tyres and can set the characteristics of a car. 

The page opposite illustrates the four basic angles of wheel alignment: the toe 
angle is the angle of the wheels when looking down from above, the caster angle 
is the angle of the suspension viewed from the side, the camber angle of the 
wheels when looking at them from the front and the kingpin angle is the angle of 
the suspension in relation to the wheel viewed from the front. These settings are 
adjusted in increments as small as 0.1 degrees/0.1 mm. so the margin for error is 
tiny and if a mistake is made, the car may not travel in a straight line or the 
handling may be adversely affected. You'll want to remember the different effects 
these settings can have. 


Wheel angle affects roar 
contact and handling 


mwsmEmm- 
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► loo Angle 

ll*i*« Is the .ingle of the right and left wheels when looking at the car from above. 
II tlm lionl ol the wheels point outwards, this is called "toe out", and if they 
liniiil inwards, it is "toe in”. This angle has a large impact on the car's forward 
JHOvmnent and if set at an excessive angle, will cause uneven wear 
mi me lyres, 





► Caster Angle 

This is the angle of the front suspension relative to the front tyres when looked at 
from the side. The angle suppresses how much the wheel shakes from side to 
side, it also affects self-alignment torque (the force that tries to return the 
wheels to a straight position when the steering wheel is turned). If the caster 
angles of the right and left wheels are different, the car will pull in the direction 
of the shallower angle or the steering will pull to one side when braking. 





► l.iiiubm Angle 

Tfiln In the angle of the wheels 
Wlrtlivii lo the road when looking at 
Dill mu straight-on. If the top of the 
bIimI.i point inwards, this is a 
n»||iillve camber". If they point 
iMilwiiids. the camber is positive. 
A nuuil cars, the camber is set to be 
Blflhtly positive to counteract the 
tjllui li. ol heavy loads. 



► Kingpin Angle 

This is the angle of the wheel 
attachment axis when viewed from 
the front. Normally, it is adjusted to 
prevent changes in the road surface 
from pulling the wheel out of the 
driver's hand, but it can also affect 
forward driving, steering return 
(self-alignment torque) and 
steering force. 
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The Link Between Car and Road 


Once it has passed through the drivetrain and the suspension, the power of the engine will 
finally be transferred to the road via the wheels. No matter how good the car, its performance 
will only ever be as good as its tyres. 


High-Performance Tyres 

Tyre characteristics can be roughly divided into four categories: load support, 
shock absorption, acceleration and braking and maintaining heading in a straight 
line and during cornering. Once a good balance of these four basic functions has 
been established, the tyres are fine-tuned to suit specific needs. 

Sports cars favour tyres that can accelerate, decelerate, and maintain heading 
welt, to ensure good driving, cornering and braking performance. These tyres will 
be made from high-grip rubber that sticks to the road surface, and will be very 
rigid to prevent them from changing shape under load. This increases steering 
response when cornering, and allows corners to be taken at higher speeds. 

Of course, high-grip tyres also have their disadvantages. Although they have a high 
capacity of grip when cornering, recovery when that capacity is exceeded is 


difficult, and a high level of driving skill is required. It will increase the amount ni 
stress caused to the suspension and body, and roll during cornering is increased tin 
to the extremely high grip. The tyres are so high performance that they can offset tl 
balance of the car. and that means that the car itself has to be high performam i 
enough to use those tyres in the first place. You should also remember lhat becau 
there is a lot of friction between the tyre and the road, they wear out more quickly 
which will detract from passenger comfort and increase noise. 

Grip on wet roads is largely dictated by the pattern of grooves carved into the tyn 
surface. These grooves are designed to effectively rid the tyre of water picked up 
from the road surface, but also reduce rigidity, so striking the right balance 
difficult, especially with sports tyres. 

A car cannot exceed the limitations of its tyres and, for this reason, it is essent 
for a driver to fully understand tyre performance and characteristics in order in 
select a tyre that matches their needs. 
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ij ri p and rigidity - 

l he key to speed. 

u I rum) Compound 

in I Him ubber used on the tyre su face that makes contact with the road. The soft rubber used for high-performance tyres 
«utrong grip on the road but wears out quickly, while for tyres on standard cars, where durability is a priority, a harder 

..ml 14 used that will only maintain grip to a certain level. Tyres are normally hard and will not exhibit their full grip 

(Wtmilinl until they are heated to a certain level. If. however, they are overheated, their grip will be reduced. 



» limit Pattern 

llm iMltuin of grooves carved into the part of the tyre surface that makes contact with the road. The main purpose of these 
[||Wvim Is to rid the tyre of water as the wheel turns, and many tyres will have a set direction of rotation for the tyre pattern 
Ihm maximises the water shedding characteristic. On the other hand, as these patterns reduce surface rigidity. 
(ll|)fi piirfoimance tyres use a few large grooves rather than a complex pattern of small ones. There are also asymmetrical 
llAiyn. with fewer grooves on the outside edge to improve rigidity when cornering, but more grooves on the inside to rid the tyre 

til Mini 



• 1 i4l(t(i Rigidity 

■ Hm i niing is the entire surface of the tyre, including the tread, sidewalls, 
^■pd etc The forces acting on the tread from the road surface are 

■ linn .untied to these various parts, until it reaches the base of the bead. 
I II l« nnpurtant to have a rigid casing to avoid v/arpage in situations such 
■tl itueleration. deceleration and cornering, when the casing is under 
B hr,ivy load. However, as rigidity and driving performance is increased, 
^hltinnoor comfort decreases, so tyres are specifically tuned according to 
I limn i haracteristics and their application. 


Long tucinal Load 



Siriev/ays Flex 
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Aluminium Road Wheels 


A 1kg reduction in unsprung weight is equivalent to a 15kg reduction in sprung weight. 
Lightweight road wheels help get the best performance when accelerating, decelerating, 
braking and cornering. 


Unsprung Weight 


Although often seen as a decorative item, aluminium wheels affect driving 
performance significantly. A car requires most power of all when accelerating 
from a standstill. It takes a lot of energy to make the wheels start to turn from a 
stationary position, and the heavier the wheels, the more energy is required. 
Lighter wheels require less energy and therefore less engine power. 


The lighter the tyres, the better the contact with the road and the mare comfortable the drive. 



Weight not supported by the suspension is known as "unsprung weight", and has a 
significant impact on the drive performance of a car. If the wheels and tyres are 
light, acceleration and acceleration from a standstill are improved, while braking, 
and braking efficiency increase, as it becomes easier to stop the wheels turning. 
Suspension will also be smoother, improving passenger comfort and the movement 
of the car over the road surface. Improved fuel efficiency is another benefit. 

The popularity of aluminium wheels in sports cars is testament to the 
performance advantages they offer. 1kg less of unsprung weight is equivalent to a 
15kg reduction of sprung weight, and in the world of motor sports, unsprung 
weight is sometimes reduced further with the use of magnesium alloy wheels, 
which are even lighter than aluminium. 

Mainstream aluminium wheels have the benefit of efficient heat conduction, and 
can effectively discharge Ihe heat generated by the brakes. They are also more 
resistant to corrosion than steel wheels. 

When changing to new wheels, you must be careful in your choice as increased 
size may cancel out the weight benefits of using a lighter material. 
A major increase in size of the wheel will have llte inevitable effect of increasing 
unsprung weight, and the advantages of lower profile tyres need to be weighed 
carefully against the disadvantages of this increased weight. 



lightweight wheels reduce the engine power required to start moving. 
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► Him Piece 

In Hilo basic construction, the rim and disc are made 
limn a single piece of metal. The wheels are 
mw limn cut after casting (or forging], giving them a 
•mill ih'grce of precision. There is relatively little 
hMdoin In design, but the fact that they are made 
liniii t single piece of metal makes them lighter and 
liinii' balanced than 2- or 3-piece wheels. 


► Two-Piece 

The disc and rim are made as two separate parts, 
which are then joined with nuts and bolts or welded 
together. The materials used to make the disc and 
rim can be different (aluminium, magnesium, 
titanium etc.], as can the manufacturing method 
(forging or casting). These wheels have the benefit of 
offering a wide choice in terms of disc design and 
the amount of offset. 


r -n 

► Three-Piece 

The back and front of the rim are welded together, 
and the disc is attached with pierce bolts. 
The three-piece design has the same advantages as 
the two-piece design, although it is slightly heavier 
because of the pierce bolts. However, it has even 
more freedom in design than the two-piece, and 
wheels built for style are often of this type. 





h mntliod whereby molten aluminum is poured into a mould. In two- and three-piece wheels, the high degree of design flexibility of the disc is an advantage. However, the 
iui‘i .11 needs to be quite thick for sufficient strength, which makes the weight advantage over steel wheels only slight. Despite this, its tow cost makes casting the most 
mimiiiiiii method in the manufacture of aluminium wheels. 




* filling 

* him k of metal is compressed with thousands of tons of pressure (to align the molecules of the metal), creating a resilient, hard material. Compared to moulding the 
'IVIaI is much stronger, so the thickness of the parts can be reduced and made to be very lightweight. The increased rigidity means that tensile strength is high, but it is 
¥Ml< mpiinst bending forces. It is also more expensive to produce and the design possibilities are limited because of the manufacturing process. Materials are not limited 
Wllliininlum. and there are cases where racing cars and some sports cars use magnesium forged wheels which are even lighter. 


Ihe many benefits 
p reduced weight 
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Aerodynamics - The Effect 
of Air on the Body 

Body design can completely transform high-speed performance, improving top speed, stability 
and efficiency. No discussion of car design would be complete without a look at the 
importance of aerodynamics. 


Air Resistance and Lift 

At high speed, the effect of air resistance is huge, at times making it feel as if an 
invisible wall of air is stopping the car from going any faster. 


Cars lower to the ground have less air resistance than taller cars, and flowing 
shapes or wedge shapes that allow air to pass smoothly over them are also less 
resistant. Designs with flush body surfaces that have no protruding bumps or 
parts will also allow air to pass more freely. 


Once a car is travelling over 80km/h (50mph) the effect of air resistance cannot 
be ignored, as after that point, air resistance increases as a square of the car's 
speed. That is. if the car's speed doubles, the air resistance quadruples, and if its 
speed increases by three times, the air resistance increases by nine times. 
There is also the roll resistance of the wheels, but this resistance is not as 
critical because when the engine's power can no longer overcome the wall of air, 
that is the effective top speed of the car. In race cars and sports cars that need 
to achieve high speerj and ensure performance in the high speed range, and even 
in road cars that need to achieve maximum efficiency, the reduction of air 
resistance is a major concern. 


On the other hand, it is important to bear in mind that the majority of 
low-resistance body shapes resemble aircraft wings when viewed from the side, 
and exactly like wings, air flows faster over them than beneath them, generating 
lift which causes the car to lose contact with the ground. Suppressing lift 
increases air resistance however, and an important part of design development is 
determining where to place the balance between air resistance and lift. 

Furthermore, the disruption to straight line stability by crosswinds also needs to 
be taken into consideration, meaning that an aerodynamic body requires 
consideration for a total balance between air resistance, lift and yawing mcment. 
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► Frontal Surface 

The silhouette of the car's body when viewed from the front. The greater this area, the more air resistance will be 
encountered. The reduction of frontal surface area, or wind resistance, is one of the reasons that sports cars tend to have 
lower bodies. A large frontal area is a disadvantage of boxier cars and MPV's. 



► Cd - Drag Coefficient 

A number that represents how smoothly air passes over an object. This is a fixed value, 
and as such, is not affected by speed. Air resistance is calculated by multiplying the 
drag coefficient by the frontal area. Accordingly, if Cd is large, but frontal area is small 
as in many small sportscars, air resistance will still be small. The reverse can be said 
for saloons that have a larger frontal area. 



► Cl - Lift Coefficient 

This is a number that represents the upward force on a car caused by air when 
travelling at speed. The opposite force is called "downforce" or "negative lift". 
Achieving downforce means increasing resistance, and ensuring stability is a matter of 
finding the balance of downforce in the front and rear. 



► CYM - Constant Yawing Moment 


When driving, winds do not always meet the car head-on. The force which occurs at the 
centre of the car. acting to spin a car hit by crosswind, is called the "Yawing Moment". 
Cars with a small CYM will be resistant to crosswinds, and in general, tall cars with a 
higher center of gravity are more affected. 


actors that inhibit 
igh-speed performance 


















































Technologies that 


Have Transformed ilAuiomobile 


Cars have always used cutting-edge technology, and constant advances in this technology have improved their performance whilst iiinill 
making them more enjoyable to drive. Let's take a look at some of the technologies that have shaped the automobile, and the way in wH 
innovations have caused it to evolve. 


The automobile is a technological work of art. Today's cars are modern marvels, 
crammed with the latest innovations from such varied fields as mechanical 
engineering, material engineering, information technology and aerodynamics. 

The field which has had perhaps the greatest impact on automobile development 
in recent years is electronics. Since the 1980s, cars have undergone dramatic 
changes thanks to advances in electronics technology. If yoo have a car manual 
to hand, why not have a flip through? You're likely to come across such terms as 
"ABS" [Anti-lock Braking System). "TCS" ITraction Control System) and "Satellite 
Navigation", alt of which are recent electronics innovations that have changed the 
way we drive. 

Modern cars extend electronic feelers out to the world around them and process 
the information gathered to assist with driving in all kinds of ways. For example, 
the ABS and TCS systems mentioned above are governed by speed sensors 
attached to the wheels, 


These sensors constantly monitor the revolution speed of alt four wheels. 
When the brakes are applied on a slippery road surface, causing the wheels to 
lock, the ABS function will instantly relieve the braking power applied to the 
wheels and restore their grip. Meanwhile, in the case of TCS, the wheel speed 
sensors detect wheelspin caused by the engine overpowering the tyres, When 
excessive throttle is applied and traction is lost, the TCS automatically 
suppresses engine power, again restoring lost grip. Wheel speed sensors are just 
one part of a vehicte-wide information network known as the CAN (Controller Area 
Network). In addition to wheel speed data, the CAN receives and processes alt 
kinds of information, including steering angle, engine revs, coolant 
temperature, oil temperature and the amount of G-force 
acting on the car. 


Htf Miossliffl and processing this information in an integrated manner, modern 
0 W> bm made safer, more controlled driving a reality. In the pages that follow. 
W'li ltd taking a look at the various technologies that make up the modern car 
fOtj Mumming the areas of the vehicle that they affect. 


Advances in electronics continue to occur at an incredible pace and could eventually lead to the 
establishment of networks that connect cars to one another, or even to entire transport 
infrastructures. The above illustration is a concept drawing of a Mercedes Benz connected to just 
such a network. If the car skids on a frozen surface, that information is transmitted to other cars 
driving in the vicinity to warn them of the danger. Below is an illustration of a Nissan GT-R. a car 
with electronic eyes mounted all over >t to aid in advanced vehicle control 
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In Pursuit of Efficiency - 


Without a doubt, it is the continual development of the engine over the last 100 
years that has made the automobile what it is today. The chief role of the engine 
is to burn a mixture of fuel and air as efficiently as possible, and enhancements 
to improve this capability have driven the development of the engine since it was 
first invented. 

One such enhancement is the development of newer and better valve 
configurations, and in particular the appearance of the DOHC [double overhead 
camshaft). The first petrol engines used a side valve configuration where the 
intake/exhaust valves were located to the side of the piston, opening when 
pushed upwards. However, with this layout, not only is it impossible to increase 
compression to any great degree, there is also a poor flow of air-fuel mixture, making it 


unfeasible to increase the engine's rotational speed beyond a certain point. In order to 
remedy this, the OHV [Overhead Valve) was conceived, and a configuration called 
OHC (Overhead Camshaft) developed. A belt was used to connect the crankshaft 
to a set of gears on top of the engine, and a rod called the camshaft was 
connected to those gears to open and close the valves. 

A DOHC (Double Overhead Camshaft) is an OHC camshaft that is split into two parts. 
These two camshafts operate the intake and exhaust valves separately, making 
higher revolution speeds possible, and allowing more powerful engines to be built. 
Although the DOHC itself was invented at the beginning of the 20th century, it was 
not until the 1980s that it saw widespread use in production cars (->p.8Z). The next 
major innovation was the variable valve system. Intake and exhaust valves let the 


The Technologies that Have Transformed the Automobile 


air-fuel mixture in and out of an engine, but the timing and rate at which these 
valves open and close used to be fixed. Variable valve systems allow the timing 
and rate of valve opening and closing to be adjusted depending on various 
factors. In the 1980s, manufacturers such as Mitsubishi and Nissan took the 
variable valve system to the mass market. Amongst these, the VTEC system, 
introduced by Honda in 1989. had particular impact. VTEC switches between two 
cams - one for high-speed use and the other for low-speed use - when the 
engine hits a certain number RPM range. 

It has received wide recognition as a system that improves both low-end torque 
and high-end power. Then, in 2001, BMW introduced Valvetronic. By making it 
possible to freely vary the amount of intake valve lift, this engine rendered the 
throttle valve unnecessary and achieved dramatic improvements in response, 
power and fuel consumption that inspired a whole series of simitar systems. 


Finally, let's look at the development of another technology that has been 
hugely important in the evolution of the engine - direct fuel-injection. 
Traditional engines add fuel to air before feeding it into the combustion chamber 
through the intake valve. Direct fuel injection, on the other hand, feeds only 
air into the intake valve, and then injects fuel directly into the combustion 
chamber itself. Doing so not only improves power and fuel efficiency, but also 
reduces harmful emissions such as nitrogen oxide. 

Direct fuel-injection can be combined with both turbochargers and superchargers, 
and is found in the latest sports cars. This revolutionary technology is essential 
for petrol engines to survive the 21st Century, 




In Pursuit of Efficiency 

Top-left is the Mercedes 300SL which, in 1954, became the first production cur to feature direct 
fuel-injecticn. Bottom-left is a cutaway model of the Valvetronic six-cylinder engine introduced by 
BMW in 2001. A rocker arm and an intermediate arm slotted between the valve and camshaft 
continually adjust the lift of the intake valve. Above is Honda's VTEC engine (advanced VTEC, 
introduced in 2006). 
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Taking Charge of Transmission 



Technologies that Have 
Transformed the Drivetrain 


The dwvetralft, also known as the powertrain, refers to the mechanism that 
transfers the power generated by the engine to the wheels. Perhaps the most 
important part of the drivetrain is the gearbox. Left unmediated, the rotation of 
the engine is too fast to turn the wheels. The gearbox uses gearing to bring this 
rotation down to usable speeds and the various gears can be shifted between as 
appropriate, as well as enabling movement in both forward and reverse. 


As one might expect, early automobiles were only able to employ manual 
transmission (MT) for changing between gears. Unfortunately, since manual 
transmissions at that time did not have synchromesh mechanisms, they took 
some skill to operate. Automatic transmission (AT) was developed to make 
driving easier. The first ever automatic transmission, known 3S the "Hydramatic", 
was an optional extra for GM's 1940 model Oldsmobile. 


AT and MT have both come a long way since then, but as the 20th century drew to 
a close, a way to combine both was developed. In 1990. Porsche announced a 
inanuat-shift-enabled automatic transmission system known as "Tiptronic" for its 
911 model. Following on from this. BMW launched the SMG, which featured an 
electronically operated clutch, and a move towards towards semi-automatic and 
two-pedal systems in sports cars began in earnest. 

The OSG (Direct-Shift Gearbox), first fitted to the Audi TT in 2003, brought yet 
more innovation to this trend. This gearbox, which had its roots in 1980s Porsche 
Group C cars, completely separated the engaging and disengaging of the clutch 
and the gearchange operation, resulting in shift times surpassing those of cars 
with manual transmissions. Since these gearboxes also make convenient 
automatic drive possible, Volkswagen and Audi have increased the number of 
models with DSG fitted as standard and are continually working to improve 
the system. 


Another drivetrain innovation that cannot be overlooked is four-wheel drive 
(4WD). 4W0 systems were originally developed for off-road driving, but with the 
appearance of the Audi Quattro in 1980, it became clear that the performance 
offered by four-wheel drive was just as valuable when driving on paved roads. 
Since then, thanks to the success of Japanese cars such as the Mitsubishi Lancer 
Evolution, Subaru Impreza and Nissan GT-R. its value has been recognised and 
many supercars these days employ 4WD layouts. 

4WD. which distributes the power of the engine to all four wheels rather than just 
two, has always provided a high level of driving performance, but the latest 4W0 
cars have improved on this even further with the incorporation of various 
electronic devices. Mitsubishi's ACD/AYC. Honda's SH-AWD, and Nissan's ATTESA 
E-TS systems are alt good examples. Not only do they manage the distribution of 
power to each of the four wheels, they also actively generate torque differential 
in the inside and outside wheels when cornering, resulting in improved cornering 
performance. Moreover, from a safety perspective, 4WD pairs well with ABS and 
traction control systems such as VDC and VSC, making it possible to ensure a 
higher level of safety. 



The Evolution of Transmission: VW Group's DSG 


6 4 2 K2 



Above is a schematic diagram of the DSG. The transmission houses twa shafts - one blue, 
one green - which are responsible for odd and even gears respectively. For example, when 
driving in 3rd gear, the engine power is transferred to the wheels from clutch 1 [K11 via the 
Ddd gear shaft (blue). At this point, 4th gear is already connected to the even-numbered 
shaft and revolving. Shifting gears is simply a matter of disengaging clutch 1 [K1] and 
engaging clutch 2 (K2). 
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Technologies that Have Transformed the Chassis 


The Framework that 


The chassis is the entire frame of an automobile, including its suspension. 
Since we've mentioned it. let's begin by focusing on the suspension. Suspension 
was first developed for horse-drawn carriages as a way to soften the impact of 
bumpy roads, and the technology was then transferred to automobiles. However, 
as cars improved over time, it became apparent that the build and quality of the 
suspension could have a dramatic impact on driving performance and. as a result, 
a whole range of suspension types have been developed for a whole range of 


vehicles and situations. The most important suspension innovation of all was 
perhaps the development of independent suspension. Early suspension modelled 
on that used in horse-drawn carriages was generally rigid axle suspension 
attached to the left and right wheels. This setup had positive points; it was 
simple to build, it was stable and the wheels rarely teft the road when traversing 
bumpy terrain. However, its components were heavy and it struggled to keep both 
wheels on the road when cornering. 


The Technologies that Have Transformed the Automobile 



In order to overcome this, independent suspension was developed. There are 
numerous types of independent suspension, including strut, swing arm, wishbone, 
and multitink. but they all enable independent movement of the left end right 
wheels, providing greater flexibility and allowing the vehicle to adhere better to 
the road. The adoption of independent suspension led to improvements in driving 
performance, which greatly benefitted sports cars in particular [-»p.102]. The first 
production car to adopt four-wheel independent suspension was the 1931 
Mercedes Benz 170. Due to the fact that it was a complicated mechanism to 
build, early adopters were predominately prestige cars and it was rot until after 
the Second World War that independent suspension became common in 
production cars. 


I'he next major innovations in chassis design were in the materials that make up 
the frame. For a long time, cars had been constructed from steel. However, as the 
70th century progressed, cars gradually piled on the pounds as they were forced 
in contend with safety and environmental issues and, as a result, a major review 
Hi the materials that make up a car was undertaken. Firstly, the steel itself was 
;liengthened by adding carbon and silicon. 


High-tensile steel sheet metal became increasingly prevalent, enabling parts to 
become progressively more lightweight, and recent years have seen the 
introduction of even stronger super high-tensile sheet metal. Meanwhile, in the 
field of sports cars, aluminium was starting to enter into use. In 1989. the Honda 
NSX took the motoring world by storm, becoming the first mass-produced sports 
car to feature an all-aluminium monocoque body. Subsequently, Audi developed 
the ASF (Audi Space Frame), an all-aluminium monocaque implemented into the 
A8 and R8. and in 2003 Jaguar succeeded in delivering an aluminium monocoque 
with the third generation XJ. 

Carbon fibre has an unparalleled advantage when it comes to lightness. 
CFRP, which combines carbon fibre and plastic, boasts supreme resistance to 
abrasion and heat. It is unlikely to become widespread in production cars due to 
its being so costly and difficult to recycle, but it is fair to say to say that in the 
world of super cars, it is fast becoming the material of choice. 



Multi-Link Suspension 

Multi-link suspension represents the latest in suspension technology. 
Numerous independent arms (links) enable precise control over wheel movement 
up, down, forward and aft, but this benefit comes at a high price and is currently 
used only on expensive cars. 
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Tuning & Settings 


Improving Engine Performance 


Tuning an engine for maximum power alone will resull in a car that is hard to handle and 
which won't perform well on the track. Tuning is a matter of trying to achieve the optimum 
settings for your vehicle based on the individual track and your particular racing style. 


r Fine-Tuning 

Replacing the Engine Control Unit [ECU) and improving the efficiency of the 
exhaust sytem are some of the first basic steps in improving an engine's 
performance. Once these first steps have been taken, they set the base for 
making more serious modifications such as mechanical tuning or fitting a 
turbocharger. These first steps may not achieve a huge increase in power, but 
they will lead to smoother revs and quicker response. The stress added to the 
engine through these modifications is fairly small - and in fact this will actually 
protect the engine when placed under high load. 


Eng ine Control Unit (ECU) _ 

i 

Updating the engine-control data saved on the ECU's ROM is known as "chip 
tuning". In addition to ignition timing, the fuel-air ratio, fuel injection volume and 
valve timing can also be calibrated. Chip tuning is necessary whenever you raise 
the turbo pressure, replace any intake or exhaust system parls, or make any 
modifications to the engine itself. 




Spark Plugs __ 

A strong spark is essential in order for the mixture of fuel and air in the 
combustion chamber to ignite properly. Even on a standard, unmodified engine, if 
it is run under high load continuously with regular spark plugs, the plugs will be 
strained with too much heat. This makes it especially important to upgrade your 
spark plugs when your engine has been tuned to produce more power. 
The increase in the engine's combustion will raise the temperature in the 
combustion chamber, making it more prone to pre-ignition. To avoid this, a more 
heat-resistant spark plug with a higher heat range must be used. 
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Air Filler 

m 



The standard air filter used to avoid dust and other impurities being drawn into 
the engine has a high level of resistance, and is inferior in terms of power output. 
It is therefore preferable to switch to a low-resistance air filter specifically 
designed for racing. Rather than boosting engine power, this has more to do 
with improving pick-up during acceleration and improving responsiveness at 
high RPM. Don't be surprised when the sound of the engine drawing in air gets 
louder, though. 




Exhaust System 

mm 



By reducing exhaust*resistarce, the engine will rev up faster and the accelerator 
response will become markedly sharper. Turbocharged engines in particular, 
which make use of exhaust energy, can see power increases of 10-20% just from 
an exhaust upgrade. However, be aware that changing exhaust components will 
affect the engine's torque characteristics, so it's always important to have a clear 
image in your mind of what effect you are trying to achieve. 



High-output engines put immense strain on their components, particularly their 
internal parts, so high-performance engine oil is absolutely essential. Engine oil 
functions as a lubricant, a cooling agent and a barrier maintaining an airtight 
state. If the oil is not able to coat surfaces properly, the cylinder will not be able 
to maintain pressure and the engine will lose power. The loss of lubrication 
between fast-moving metal parts can also result in those parts seizing or melting 
together. In addition, oil viscosity is an important factor which can increase 
friction loss (power lost through excessive friction], so chemically synthesised 
low-viscosity oils that maintain performance even under harsh operating 
conditions are now widely used. 

The basics 

of tuning 
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Overhauling the Engine 

Mass-produced engines cannot be said to boast perfect precision in their 
assembly, and there are cases in which they are not performing to their full 
potential. Completely disassembling the engine down to its smallest components 
and rebuilding it from the ground up with absolute precision can raise overall 
engine performance. While overhauling the engine in this way. you can boost its 
capabilities even further by replacing certain parts with more lightweight 
alternatives and balancing various parts at the same time for added effect. 
If you’re not restricted by limits on engine displacement, you can even use this 
opportunity to increase the engine's displacement capacity, improving output and 
torque even further without stress. 



Seme modern engines are often so finely balanced when they roll off the production line that they 
don't leave a great deal of opportunity for improvement through overhauling. 


IMPROVING ENGINE PERFORMANCE 


Increasing Displacement 




This is the most effective way of improving performance when modifying the 
engine itself. By increasing the amount of fuel/air mixture burned, the engine 
output can be improved. This can be achieved by "boring up" the cylinder, making 
the cylinder bore larger and installing larger diameter pistons, or "stroking up", 
making piston stroke longer by replacing the crankshaft and connecting rods. 
Although both have the effect of increasing engine displacement, they each have 
different characteristics. Bering up is more suited for increasing engine RPM to 
give higher output, while stroking up increases torque at low and medium revs. 
However, as modern engines have become more lightweight, cylinder blocks have 
become thinner, making boring up to any great extent increasingly difficult. 


Cylinder block 
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a normal engine, the weights of the pislons and connecting rods in each 
i ylinder are all very slightly different. Also, if there is any deviation in the 
nitational balance of the crankshaft, this can cause resistance, which is a major 
i ise of power toss. Balancing the engine involves disassembling the engine and 
efully weighing each component. By making each part uniform in weight, and 
liy correcting rotational balance to improve crankshaft movement, it can be made 
run more smoothly and therefore more efficiently, to produce more power. 
In situations when modifying a part to correct the weight imbalance is not 
1 'iiough. the part is sometimes replaced altogether. This kind of tuning is 
'solutely essential for one-make racing, where major car modifications are 



Reducing Weight 

Engine parts that move at high speed are acted upon by inertia, causing frictional 
loss and reducing power. This can be alleviated by removing material from parts 
to make them lighter. This is normally performed together with balancing, bul if 
the parts are grinded down too thin, it can cause problems with durability. 

Reinforcement 

When major tuning work is carried out on an engine, the strain put on each 
individual part is greatly increased, and there is a greater risk of parts being 
damaged. This makes stronger parts essential, but it is also essential for these 
parts to be lightweight. Reinforced parts that make use of new forging 
techniques, as well as new materials such as titanium alloys, combine a 
lightness that far surpasses regular engine parts for strength and durability 
In racing and tuned engines, the use of aluminium forged pistons and titanium 
alloy connecting rods has become standard practice. 



Unleashing your 
car's full potential 
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IMPROVING ENGINE PERFORMANCE 




Increasing RPM 

Engine output is a combination of torque and engine revolutions Ipower = torque x RPM]. This means that boosting your engine's ability to reach high RPM will increase its 
potential output. The tuning needed to enable this centres on the cylinder heads, and the key to success lies in increasing the efficiency of air intake and exhaust at high 
revs. The standard way to achieve this is to replace the regular cam with a high-lift camshaft (*p.129). Although this means that the components around the valves need 
to be reinforced, it achieves the same effect as increasing the size of the intake and exhaust ports, improving power at high revs considerably. Incidentally, the engines 
most suited for high RPM are short-stroke engines, as their airflow efficiency is high but their piston speed is not as fast as that of long-stroke engines. 



You can increase your engine s ability to reach high RPM and produce high 
output in a single stroke by switching to a high lift camshaft. However, this will 
greatly reduce torque at low and medium revs and some pure racing engines arc 
not even able to idle smoothly. 
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Ports 
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Valves 
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The intake and exhaust ports allow the fuel/air mixture to enter the engine and 
provide an exit for waste gases after combustion. Ideally, the flow through the 
ports should be as smooth as possible, but due to issues of cost this is usually 
not the case for the average engine. Rough surfaces characteristic of cast metals, 
the size of the passageways, distortion, etc. are all causes of intake/exhaust 
resistance. By polishing these surfaces to a mirror-like finish, a smoother flow of 
air can be achieved. Even by polishing the port alone, the feel of the engine will 
improve in the high RPM range, but you are unlikely to feel its full benefit unless 
you combine it with a complete tuning of the cylinder head, including polishing 
the head and replacing the cams. 



A 


The camshaft is the shaft that opens and closes the intake and exhaust valves. 
A high-lift camshaft is one that has higher raised sections along its length, which 
cause the valves to open for longer. Effectively, this provides the same benefit as 
increasing the size of the ports, and while it reduces torque at low and medium 
revs, it increases engine power dramatically at higher revs. While the sudden 
surge of power at high RPM undoubtedly makes the car harder to control, it 
is a technique often used when trying to get extra power from a naturally 
aspirated engine. 



I n c 
to im 


At the same time as polishing the ports and replacing the cams, it is also 
important to consider increasing the size of your valves. This is a tuning method 
that enlarges the opening of the intake valve to allow more induction and to 
improve intake efficiency. Because bigger valves weigh more and are affected by 
more inertia, they are often made from ultra lightweight titanium. 


Valve Springs 

High engine revs can cause the springs that hold the valves closed to vibrate, 
teading to 'surging', where the expansion and contraction of the springs cannot 
keep pace with the movement of the camshaft. In an engine that has been tuned 
for increased power, a valve spring upgrade is important in order to avoid this. 
The need becomes even greater when a high-lift cam is fitted, as normal springs 
may not be able to cope with the valve's increased lift and. in extreme cases, the 
spring can stick to the cam and cause it to lock, or the valve and piston can 
collide with each other. Bear in mind, though, that fitting strong springs 
increases resistance and causes more wear to the area around the valves 



reasing RPM 
prove power 
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Increasing Compression 


The greater the degree to which an engine can compress the air/fuel mixture, the 
more powerful the combustion that will take place when the fuel is ignited and 
the greater the power and torque that will be generated. The main part of this 
tuning involves the redesign of the combustion chamber capacity in the cylinder 
head. However if the compression is raised too high, this increases resistance 
when the engine is turning (compressing), and can also lead to abnormal 
combustion. High-compression engines require various adjustments to combat 
these problems, such as adjusting the amount of fuel entering the cylinder, 
switching to "cold" spark plugs and delaying ignition, and reinforcing the pistons 
and connecting rods to cope with the increased combustion power of the engine. 


Increasing compression should ideally be performed in tandem with the increase of the engines 
potentiat RPM. Also, as combustion wilt involve more force, the interior of the engine needs to 
be reinforced. 


The most common way to raise the compression ratio of the engine is to switch to 
high-compression pistons. As you can see from the raised upper part of these 
pistons, the combustion chamber is actually smaller than when using a regular 
piston, resulting in an increase in the compression ratio. However, increased 
compression leads to a hotter fuel/air mixture, and higher temperatures during 
combustion, making it more likely for "knocking" (incorrect combustion of the 
fuel/air mixture) to occur. This makes it necessary to take measures such as 




n:i 


io mbustion Chamber _ 

'here are various combustion chamber modification techniques, one of the major 
ones being the "pentroof" type, which is superior in airflow and ignition 
efficiency, but the most common method for preventing knocking from high 
compression involves the use of “squish" or "quench" zones. These are areas cut 
into the combustion chamber where compression is concentrated, thereby serving 
to slightly reduce the overall compression ratio. However, creating squish areas 
can create discrepancies in the volumes of individual combustion chambers, so 
it’s necessary to perform a precise measurement of the combustion chamber 
afterwards to make sure they are balanced. 



The underside of the cylinder head can be ground away in 0.1mm increments to 
gradually reduce the capacity of the combustion chamber, thereby increasing the 
compression ratio. This can also be carried out to correct any warping that may have 
occurred when running at extremely high temperatures, restoring the fit between the 
cylinder block and head and remedying any issues of compression loss. 




Head Gasket 


The head gasket is the plate that sits between cylinder block and head, owtuiiiiii 
a good seal between the two, and preventing compression los:. Hmlncinii llin 
thickness of the head gasket has the same effect as grinding down Him uylindiii 
head, in that it serves to reduce the capacity of the combustion i hamlirn. ilmndiy 
raising the compression ratio. Head gaskets are now gcnninlly mmln limn 
stainless steel, as it has high strength and boasts high IrviiIi: nl llu'imnl 
conductivity. This allows compression levels to be optimised and avoirhi (1111101111 
loss from the cylinders. 
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IMPROVING ENGINE PERFORMANCE 


Delivering large quantities 
of compressed air 



Forced Induction Devices 


Boost Pressure 

Boost pressure is a figure indicating the volume of air taken in by a turbocharger 
and the compression under which the aii is placed. It is, and is expressed in units 
of kg/cm2. kPa or psi. The higher this figure, the more power is gained. 
However, the more air that is taken in. the more fuel is needed to mix with it. 
which means that the ECU must be configured to add more fuel and it may be 
necessary to change or add fuel injectors so that fuel can be delivered in larger 
quantities. It is also essential to reinforce the internals of the engine in order to 
cope with the stress caused by the increased combusticn. 

High-Flow Turbines 


This is a turbo in which the size of the compressor wheel which compresses the 
air taken into the turbocharger is enlarged, greatly increasing airflow. A process 
known as "cutback" can be used to reduce inertia acting on the turbine wheel, 
thus allowing boost to be applied more quickly. This allows output to be 
increased with a minimum sacrifice of responsiveness. 


Increasing boost pressure or increasing the size of the forced induction device is a 
relatively easy way to achieve the same effect as increasing engine displacement 
without having to modify the engine itself. If you choose to combine this with 
mechanical tuning, you can achieve even better results. However it's important to 
remember that forced induction increases stress to the engine much more than 
naturally aspirated engines, and measures must be taken to account for this. In a 
naturally aspirated engine, a high compression ratio is the key to powering up the 
engine, but in an engine that is supercharged or turbocharged, compression 
actually needs to be lowered in order to prevent abnormal fuel combustion or 
damage to parts caused by the increased combustion. A lag in response is also an 
issue for turbocharged engines, and measures need to be taken so that the 
responsiveness of the engine is not critically affected. 
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’’•creasing Turbine Size 

This involves replacing the regular turbocharger with a larger one. since the size 
of the turbocharger is what determines the limits of a turbine's output. Allhough 
this delivers a marked increase in power, it has a disadvantage in that turning a 
arger turbine leads to a slower response of the engine. You need to be aware that 
unless you have a large displacement engine generating a large amount of 
exhaust and/or a powerful enough engine, torque at low revs will be very low and 
the turbocharger will only be effective at very high RPM. making the car 
extremely difficult to control. 


Intercooler 


The intercooler plays an important rote in a turbocharged engine, serving to coot 
the air heated up by the compression of the turbocharger and improving the 
engine's volumetric efficiency. Intercoolers are fitted standard even in many 
production vehicles, but increasing their size boosts their effectiveness and 
enhances their cooling capability. However, compressed air takes too long to 
travel through an intercooler that is too large and starts to lose pressure. 
This can cause up to a 10-20% loss of boost pressure in some cases. 



•iipercharger 

V 




The principle behind the supercharger is similar to that of the turbocharger: 
essentially, it forces compressed air into the engine, giving it a boost in power. 
As with turbochargers, they can be bolted on to naturally aspirated engines, 
making them a relatively easy way to increase output. Because a supercharger 
does not cause a lag in accelerator response tike turbochargers they are 
particularly useful on technical race tracks that require quick response. 

















IMPROVING ENGINE PERFORMANCE 



^ HUMil CHAPTER 03 

— i 

l Tuning & Settings 

, fell Engine 

. 


Rotary Engines 


One of the greatest advantages Df tuning a rotary engine is its good 
compatibility with turbochargers, and turbo tuning can be comb ned 
to give excellent power and ease of operation. 


One of the main aims when tuning a rotary engine is to increase air intake 
efficiency. This is achieved by enlarging the intake ports, thereby delivering more 
air/fuet mixture to the combustion chamber. This effect is similar to that gained 
by fitting a high-lift camshaft to a reciprocating engine, but the nature of the 
power increase gained by relocating and enlarging ports can be very different. 
For example, peripheral porting, a technique used in competitive rotary-engine 


cars, causes an extreme loss of torque at low revs, and makes normal driving 
extremely difficult. Also on a rotary engine, the exhaust ports and turbocharger 
are very close together, allowing the exhaust gases to turn the turbine 
very efficiently. Combining both port and turbo tuning, the potential of this engine 
can be improved effectively. 
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P o r t i n g - t h 
improved 
i ota ry 
power 


n. tuning 

i in ;i ned to a reciprocating engine, a rotary engine's structure is simple and it 
It v lower components. A lot of extra potential can be unleashed simply by 
Impxiving the precision of each of these parts and carefully reassembling the 
1 'iuniie. The most important part of this process is the setting of the seals. 
Hu iutnr's corner seals correspond to the piston rings on a reciprocating engine, 
in it they can be arranged so that they all have exactly the same clearance, the 
mii u will turn incredibly smoothly, while maintaining the perfect amount of 

.;unssion. If seals are set poorly, this can lead to loss of power and. in the 

w i rases, engine seizure. 

Inin Porting 

Hv widening the diameter of the intake ports positioned on the engine's side 
limiMiig. air can be inducted into the engine at a faster timing than usual, 
Iim iciising the total volume taken in and giving enhanced power. This offers 
llmilur benefits to fitting a reciprocating engine with a high-lift camshaft. 



Bridge Porling 

This is one method of tuning the side port. It is 
called a bridge port because the shape of the 
enlarged port has a 'bridged' section in the middle. 

The reason for having a bridge between two 
openings rather than one large opening is that 
when the port is enlarged to the very limits, it is 
necessary to leave this bridge to suppoit the apex 
seal so that it does not warp or fall out when 
traveling over this section. 

Peripheral Porting 

This is a method of tuning a rotary engine by using a special adhesive to fill in the 
intake ports located in the side housing and then relocating them to the upper 
part of the rotor housing. The advantage of this is that the air/fuel mixture is 
delivered directly to the rotor housing, significantly boosting engine power at 
higher revs. Unfortunately, it also means that the engine will be unable to 
maintain torque at low revs due to the toss of the ability to differentiate between 
high and low speeds and adjust the air/fuel mixture accordingly. This means that 
the increase in high RPM performance comes at the price of a huge loss in 
low-end torque, and results in extreme power output-characteristics that will be 
difficult to control. 



Combination Porting _ 

Also known as "cross-porting", this technique combines side porting (or bridge 
porting) with peripheral porting. It takes advantages of both types of porting by 
using a sequential system that uses the side ports at low revs and the peripheral 
ports at high revs. 
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Tuning the Drivetrain 


A vehicle's drivetrain translates engine power into speed. It needs to be as efficient as 
possible in transmitting that power to the road surface, and robust enough to handle high 
output with ease. 


Getting the best performance 
from your engine 

Final Gear Ratio 


Altering the final gear ratio will allow you to choose between applying your engine power to top speed or acceleration. For example, in a high revving, high output engine 
with an extreme difference in characteristics from low to high RPM, you can make it easier to utilise its performance by setting the final ratio lower. This can then greatly 
improve the acceleration of the car. 


High Gear Ratio 

This is a good type of tuning if your aim is to increase the car's top speed, as it 
increases the speed from low revs. It also has significant advantages in terms of 
fuel consumption. The downside is lhal it takes longer to get the engine in its 
effective power/torque band, which makes acceleration sluggish. It can be 
difficult to achieve the desired power and torque when exiting tight corners, and 
will he more difficult to gain adequate acceleration. 


High Gear Ratio - low Gear Ratio 



Low Gear Ratio 

With a low gear ratio, the engine can sustain high revs even in high gears like 
third and fourth. While top speed will be sacrificed, this makes it easier to draw 
out power and torque and wilt increase acceleration. You will be able to take full 
advantage of the engine's performance when accelerating out of corners, and 
these low gear ratios are particularly suited to technical courses with a lot of 
tight bends. The only downside is the tendency to Dver-rev due to the sharp 
increase in accelerator pedal response. 


low Gear Ratio - High Gear Ratio 




Transmission Gear Ratio 

ransmission tuning generally refers to bringing the ratio of the gears of the transmission closer together (i.e. making their size more similar to create a "close ratio"!, 
i Ins makes it easier to stay wilhin the powerband. and also greatly improves acceleration performance. However, depending on the final gear ratio, it can make the car 
iore prone to over rewing, and frequent gear changes will become necessary. 


A manual transmission with a close transmission ratio means that the difference 
m size between the gears is relatively small. The closer the ratio, the smaller the 
loss in RPM when shifting up through the gears and the more efficiently the 
engine's power can be used. This gearing is particularly suited to naturally 
aspirated engines*whose powerbands have been narrowed by changing to a 
lugh-lift cam or other tuning tweaks. This is generally set up according to the 
course layout, combined with the matching with the final gear ratio. 


Engine RPM 


Most production cars are set up with a priority on fuel efficiency, and therefore 
aim to keep engine RPM low. For this reason, the difference in size between their 
gears is relatively high. Unfortunately, this means that when you change gear, the 
engine power transferred to the ground is mild and acceleration is sacrificed. 
Normally, an engine will not be set up with a wide ratio between all the gears 
from 1 to 5 or 6. but will have a mixture of close and wide ratios to make the 
most of the engine's particular characteristics and deal with the layout of a 
track. For example, a close ratio may be used for the 1st and 2nd gears, as they 
are used for standing starts and accelerating, and then a wide ratio may be used 
for 3rd gear and above, 

Wide Ratio - Close Ratio - 
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Clutch 


Reinforcement of the clutch is essential in a highly-tuned vehicle so that the 
increased engine output can be delivered to the transmission with the minimum 
power loss, and gears can be changed effectively. Even the slightest amount of 
slippage will detract from acceleration performance. The idea is to increase the 
clutch disc's friction level and the clutch cover pressure in proportion with the 
increase in engine output and torque. 


Disc & Cover 


TUNING THE DRIVETRAIN 


CD 

los 

ng 
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The most conventional method of reinforcing the clutch is to replace the existing 
clutch disc and cover with stronger parts. By increasing the friction of the clutch 
disc and the clutch cover pressure, the engine's power can be more reliably 
delivered to the transmission. These are vital components when enhancing engine 
power, and their advantage is that there is no delay in response even when they 
are aggressively used in sports driving. Metal clutch discs are now generally used 
because of their superior friction and resistance to wear. 



Regular clutches only use a single clutch disc (also known as a "clutch plate"], 
but using a clutch with multiple plates serves to increase the area causing 
friction. Reinforced clutches, which boast a stronger clutch cover pressure and 
enhanced ability to transmit engine power, use between two and four piates. 
Friction increases in proportion to the number of clutch plates used, so the most 
suitable number of plates can be selected depending on the amount by which 
engine output has increased. While responsiveness and durability are increased, 
the downside of using multi-plate clutches is in their operation. They require 
more force to disengage, making the clutch pedal very heavy, while requiring 
more precision when engaging. 




Flywheels and Propeller Shafts 


Making the drivetrain more lightweight can be a highly effective way of improving acceleration response and acceleration. However, an extremely lightweight flywheel can 
make it difficult for the car to gain sufficient levels of torque when driving uphill, and additional tuning is required to compensate for this. 


_ 


The flywheel is attached to the rear end of the crankshaft just before the clutch, 
and its main role is to prevent irregularity in the engine's rotation. The heavier the 
flywheel, the more smoothly the engine will turn. However, a heavy flywheel can 
be detrimental when speed is your objective, and it is preferable to replace the 
existing flywheel with a more lightweight one. Although this can make the engine 
rev less smoothly and reduces torque, it gives the advantage of improved 
response in acceleration. 


Lightweight Propeller Shafts 

A propeller shaft (also known as a drive shaft] transmits engine power from the 
gearbox to the differential. Replacing the regular propeller shaft with a more 
lightweight model can improve engine response and acceleration. Lightweight 
propeller shafts are generally made from carbon or fibreglass (FRP), and can be 
about half the weight of standard shafts. Reduced weight is of course the main 
benefit, but smoother rotation is another bonus of a lightweight shaft. 
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Mechanical LSDs allow the greatest freedom in setting the limit of rotational difference 
between wheels, but are specialised motorsports components and as such do not 
generally come fitted as standard. 



Limited Slip Differential 

A limited slip differential (LSD) is essential for reliable transmission of power 
from the engine to the road and for enabling of high-speed cornering. Of the 
several lypes of LSD available, the most effective at limiting the rotational 
difference in drive wheels is the mechanical type that makes use of a multi-plate 
clutch. This is because it allows the most freedom in setting the limit of 
rotational difference and can therefore be adjusted to give the best traction based 
on drivetrain layout, the peculiarities of a particular car. driving style or course 
layout and and a whole host of other factors. The downside to this freedom of 
choice is that the high load on the parts means that this type of LSD needs 
constant oil changes and periodic maintenance. 


-ocking Factor _ 

The locking factor describes the point at which a limited slip differential will limit 
the rotational difference between two wheels. In a normal (open) differential, the 
locking factor is 0% (ie. the wheels can rotate entirely independently of one 
iinother), whereas 100% represents total lock (ie, the wheels are forced to always 
rotate at the same speed). The higher the locking factor, the greater the limit 
placed on the amount of rotational difference allowed. A higher locking factor is 
not necessarily better. Rather, the locking factor needs to be carefully calibrated 
used on factors such as drivetrain layout, vehicle height and track width, and 
will change depending on the driving characteristics required. If the locking factor 
set too high, understeer will be increased, leading to a loss of cornering ability. 
Generally speaking, a locking factor of around 50% gives the easiest control 
while still allowing the LSD to have an effect, but trial and error is the only way 
find the perfect setting for a given situation. 

Types of Mechanical LSD 


Initial Torque 

Initial torque refers to the amount of pressure acting on the discs inside the 
differential gear housing. Increasing or decreasing the initial torque will affort 
the amount of time it takes for the LSD to lock. The higher it is. the hcttrir 
acceleration response will be. as the LSD will lock almost instantly, [lie lowm il 
is. the more gently Ihe LSD will lock, and the easier il will be to (iuve 
Usually, tuning an LSD will involve increasing Ihe initial torque, but this can 
impair cornering ability, and in FF vehicles can worsen so-called torque 
steering", so this is not always the case. Recently. LSDs with low initial torque 
settings and high locking factors have become more common. 


ms type of LSD only works when the the car is 
i nelerating. As it doesn't function without 
elerator input, it allows the inside wheel to turn 
11 rely on the approach to a corner just as an open 
differential would, which makes for smoother 
nering. This type of LSD is particularly well-suited 
in I f cars, as they are prone to understeer, but 
|i duces a marked difference in handling depending 
in whether the accelerator is applied or not. 


► 2-way 

This type of LSD functions whether the accelerator is 
pressed down or not. This produces fairly strong 
initial understeer, but allows the car to maintain 
stability when decelerating, making more extreme 
corner approaches possible. It also boasts excellent 
responsiveness and allows the driver to aggressively 
turn the heading of the car using the accelerator. 


► 1.5-Way 

This type of LSD combines the characteristics of both 
1-way and 2-way systems. The LSD works as normal 
when accelerating, but its effect is reduced during 
deceleration in order to enable easier turning during 
the approach to a corner. It is an all-round solution 
without the quirks that affect the other types of LSD. 
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Shaping Up the Body 


Having a light, rigid body for acceleration and control is essential for motor-racing. 
No matter how much you power up your engine, if your car's body is too heavy and flexible, it's 
unlikely that the increased output will translate in(o real speed. 


Weight Reduction & Rigidity 

When aiming to increase your car's speed and agility, the reduction of weight and 
the reinforcement of the bodyshell is absolutely crucial. Reducing weight serves 
not only to increase acceleration, but also yields significant benefits when 
braking and cornering. Increasing rigidity is also essential for the suspension to 
move correctly when a large load stress is applied to the car. and to maintain firm 
contact of the tyres with the road. In order for a driver to understand the 
movements of a car in extreme driving conditions and to control the car precisely, 
a rigid body that will not deform is essential. On tracks such as the Niirburgring 
where the traction coefficient (p) is low and strong G-forces are acting both 
laterally and vertically, it is impossible to achieve a single satisfactory lap in a 
car lacking sufficient body rigidity. 


Strut Bar 



This is a bar fitted to connect the attachment points of the suspension (above the 
wheel housing] on the left and right sides of the body. It serves to enhance the 
rigidity of the front part of the body and ensures precise movement of the 
suspension, while also sharpening steering response. In general, a strut bar 
should be fitted in conjunction with upgrades to the springs, shock absorbers and 
bushings. It's common for strut bars to onty be fitted at the front of the vehicle, 
but it's best to fit them on in the rear as well, for balanced rigidity. 



Spot-Welding 


A car's body is constructed from metal panels that have been pressed together 
and then joined by welding them in spots at regular intervals. With mass- 
produced cars, where efficiency in the manufacturing process is the overriding 
priority, the panels are welded together in the minimum number of places 
necessary, which can lead to deficiencies in body rigidity. To overcome this, 
additional welding can be performed to increase the number of connections, 
to give a significant increase in body strength and rigidity. 

The advantage of this method is that it doesn't entail 
adding new components, so you don't have to be 
concerned about adding to the car's weight. 



IK] 


p re c 

'll iJagc 

(toll cages are designed to protect passengers during a crash, but they are also 
ffective in increasing body rigidity. In order lo achieve this, the there must be no 
space between the roll cage and the roof and pillar sections, and the roll cage 
m.ist be firmly welded, rather than simply bolted on. The roll cage must also have 
plenty of struts and support points in order to actually provide a significant 
n::rease in rigidity. 



For 

ise handling 


Member Brace 



A member brace is a metal bar that is highly resistant to bending and twisting. 
It enhances the rigidity of the floor of the vehicle, while at the same time serving 
to connect the. suspension to the underbody, limiting any unwanted movement to 
maximise suspension performance. So, just as a strut bar supports the 
suspension and body inside the bonnet, a member brace supports the car from 
underneath the body. When used in conjunction with a strut bar the stability of 
the car's behaviour will improve even further. 



Reducing Weight 


The most effective way to improve a car's acceleration, braking and turning is to 
make the body more lightweight. Modifications can range from basic means such 
as removing the air conditioning system and any sound insulating materials, to 
replacing body panels with those made from lightweight materials such as 
aluminium or carbon fibre. Taken to the extreme, it can entail replacing the whole 
body shell with carbon fibre and the chassis with aluminium. However, always 
bear in mind that in order to maintain balance in the car's controls and handling, 
rigidity needs to be increased as well. In order to keep a low centre of gravity, it 
is more efficient and effective to start by focusing on reducing the weight from 
the upper parts of the car first. 
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Improving Stopping Power 

Improvements in engine output need to be coupled with an increase in braking power. 

The confidence to really put your foot down can only come from knowing that you are able 
to stop effectively. However, stronger brakes mean that more effective ways of dealing with 
excess heat also need to be employed. 


Boosting Brake Power 
and Avoiding Brake Fade 

A tuned engine with a higher top speed requires a more powerful braking system 
that is stronger and more resistant against brake fade. At the most basic level, 
brakes can be improved by replacing the brake pads, and at the most extreme 
level, improvements can entail replacing the entire braking system with a high 
end system designed for motor racing. Just be sure to remember that the braking 
systems in racing cars are not necessarily ideally suited (or all applications, 
making it important to select parts that are tailored to your specific needs. 
Also, bear in mind that larger brake pads or brake callipers will increase the 
unsprung weight of your car. which can have a negative effect on manoeuvrability. 
The gD den rule is that brake power should always exceed engine power, but 
installing too effective a braking system in a lightweight car can cause an 
unbalance in its driving performance. 



Upgrading yo 


Brake: P$ds 



The most basic components when tuning the brakes are the brake pads, which 
govern braking power and resistance to brake fade. The range of brake pads on 
offer is huge, from pads designed for the street to top-end motorsports pads. 
Each of these has a different optimum temperature at which braking power is 
greatest, and a different level of heat resistance. Choosing the wrong brake pads 
for your needs may not give the results you hoped for. and could even have a 
detrimental effect on how your car drives. Higher-end pads also wear quickly, and 
increase wear on brake discs due to the increased friction. When changing brake 
pads, as a rule they should all be changed at the same time to ensure 
even braking. 



This is the operating fluid used in hydraulic brake systems. It has a boiling point 
in excess of 2Q0 c C in order to prevent vapour lock, but it also has extremely high 
moisture absorbency, meaning that it can deteriorate very easily. Brake fluids are 
graded by OOT grade. The boiling point increases alongside the DOT grade, but so 
does the tendency to absorb moisture, meaning that the fluid will degrade more 
easily [which lowers the boiling point). For this reason, the OOT 5 brake fluid used 
in racing cars needs to be replaced often. Be aware that braking power does not 
increase with the DOT grade. 

u r brakes 


1)3 


I' ‘ o Hoses 

II i i hoses are the pipes through which brake fluid travels. Normally they are 

.. from rubber, but hard braking can cause them to swell, reducing 

n Kinsiveness. This can be avoided by using stainless steel meshed brake hoses, 
il " are Teflon hoses covered with a stainless mesh sheath that combines the 
u< ibility of rubber with an increased resistance to swelling. They are fitted as 
'ii nidard in racing vehicles to ensure that the brakes are always responsive to 
ilnvur input. 



Hi.ik e Disk s _ _-_ 

l most effective way to increase braking power is to increase braking capacity, 
i n involves using larger diameter discs to create more friction. However, taige 
• i l-iron brake discs wilt increase unsprung weight, which can negatively affect 
h \'i your car drives. To prevent this, lightweight ceramic and carbon fibre discs 
n' starting to become commonly available. Because brake discs become worn 
through use. they must be regularly replaced or resurfaced to retain their 
In.iking power. 


1 iilipers 

upgrading brake callipers often involves replacing the entire braking system. 
Normal callipers press the brake pads against the brake disc from one side, and 
''lie way to upgrade them is to replace them with opposed-piston callipers, which 
nett from both sides. Some production cars now come fitted with brakes that 
'.ive six pistons, as the larger number of pistons exerts more uniform pressure on 
i lie brake pad. increasing braking power. Opposed-piston callipers are made with 
mono-block construction and the high rigidity of the calliper itself provides 
table braking even under harsh operating conditions. 
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Tuning & Settings 


Improving Suspension 


In demanding driving conditions, it's vital to be supported by well-tuned suspension to 
maintain stability and improve manoeuvrability. Tuning the suspension can totally transform 
the character of your car. 


Adjusting Handling Characteristics 

Tuning your suspension for sports driving inevitably means sacrificing some 
comfort for speed. As long as the car is on a flat surface like that of a racing 
circuit, the lower the body is to the ground, the lower the centre of gravity will be 
and the more stable its behaviour. Harder suspension makes for less wasted 
movement during acceleration, deceleration and turning, which keeps the 
handling sharp. However, if the suspension doesn't move at all, the car will not be 
able to deal effectively with load transfer and drive control will be extremely 
poor. The best solution is to make the suspension harder while also bearing in 
mind the degree to which weight will need to shift in all four directions. 
Oepending on your vehicle and the driving surface, you may sometimes need to 
make the suspension softer in order to improve grip. 


Shock-Absorbers 

The objective of upgrading shock absorbers is to provide a higher damping force 
than the standard absorber which focuses on ride comfort. By doing so they can 
maintain stability of the car's behavior even at high speeds when they are under 
large loads, and its control will be improved. Replacement and tuning of shock 
absorbers should normally be performed at the same time as the springs. 

Obtaining th 
desired leve 
of handling 


Springs I 

1 

The springs improve handling by helping to achieve a low centre of gravity and are 
also essential in maintaining stability by counteracting roll when cornering, nose 
dive when braking, and squatting when taking off from a standstill 
and accelerating. 




The main type of height-adjustable suspension allows ride height to be adjusted 
by using shock absorbers that can increase or decrease spring length, as well as 
allowing the damping force to be adjusted. This allows it to be adjusted precisely 
to suit any situation. There are several different methods for adjusting ride 
height, including adjustable screws. C-rings and the use of brackets. 



02 


iv,iy liars 



llllh'i i hir anti-sway bars can help reduce roll even more during cornering. 
H Hu 1 iii anti-sway bar is stronger, understeer is increased; if the rear anti- 
«W*y i H r. stronger, oversteer is increased. 



mm 


by" n i| tronger bushings on dampers, suspension links and other body 
lllm liii'i'iii points, as well as the bushings on a variety of linkage connections, 
IIHW ini''il movement: of the suspension can be suppressed and linear handling and 

.. i sponsiveness is improved. Suspension bushings are generally made 

llfliii m hi based materials such as rubber or polyurethane, bjt there are also 
ytllnw ii ill bushings, which use a metal sphere in the moving part. 
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Upgrading to High- 
Performance Tyres 

High-performance tyres are a double-edged sword - they improve grip greatly, but make control 
extremely difficult when their limits are exceeded. Tyres must be chosen by carefully considering 
how they will complement factors such as the vehicle's power and other characteristics. 



Increasing the width of the tyres increases the amount of tyre surface that makes I 
contact with the ground and therefore increases grip. However, grip is not only I 
affected by how much contact the tyre has with the ground, but also by how much I 
load is placed on the tyre. Therefore, fitting super-wide tyres to a lightweight car 
may not improve grip significantly, as there may not be enough weight pressing 
down on them. Another problem can arise when oversized tyres are fitted to an I 
underpowered car. in that so much power is used up counteracting the tyres grip I 

that the car loses speed as a result. For these reasons, the choice of tyre size I 
should be based on the weight and output of the vehicle. 


Increased Grip/Rigidity 

Grip and rigidity are the most important characteristics of high performance tyres. 
Slicks - tyres designed especially for racing - boast the best of both. The rubber 
compound they are made from gives excellent grip by melting slightly and 
sticking to the track surface when it heats up. and in order to maintain rigidity in 
the part of the tyre that makes contact with the road, they have no grooves. 
Road tyres designed for high-performance driving take a similar, if slightly less 
extreme, approach, using softer rubber compounds and tread patterns with very 
shallow grooves. However, on wet surfaces, grooves are essential to ensure that 
the tyres can effectively rid themselves of water, and the more there are, and the 
deeper they are. the better. Therefore, deciding to what degree to balance wet and 
dry characteristics is a key element of tyre choice. 



Gripping the 
road effectively 


Compound 


i •;-Profile Tyres 

the profile for aspect ratio) of a tyre describes its height compared tc its width, 
(i ng low-profile tyres is a way of increasing wheel size without increasing 
ill meter and does not necessarily mean increasing width as well. One of the main 
hf refits of low-profile tyres is that the shorter sidewall bends less during 

i oaring and braking, and this higher rigidity results in improvements in steering 
in ponse and handling. However, lowering tyre profile increases wheel size, which 
' m mean more unsprung weight if taken too far. Of course this can adversely 
iii-ict manoeuvrability. In competitive driving, larger wheels and low profile tyres 

ii selected to make space for larger, more effective brakes. 



The rubber used to make the part of the tyre that makes contact with Hip .. I 

is called the compound and dictates the tyre's grip. High-perlotmancn lynni Hint 
prioritise grip use soft compounds that adhere to the road surl.irc lioltm, unit 
racing tyres even melt slightly under heat so that they can cling In the mull 

surface better. However, while soft compounds have better grip, (Illy ... 

much more quickly and harder compounds are mote durable. II la lin|iiiiloiil in 
understand the characteristics of the compound used in order In cliunnn tliu 
right tyre. Drivers should also be aware that rubber hardens ovm limn, ninl imw 
tyres will gradually lose grip because of this, particularly those rmidn limn 
softer compounds. 

Tread Pattern 

The series of grooves cut into the surface of a tyre is known as the tread paltnin. 
and is designed to maintain grip in v/et conditions by ridding Hie lyie unlacn 
of water. However, in dry conditions, these grooves reduce rigidity anit can muse 
the surface of the tyre to sway under heavy loads, such as may occur when 
cornering, braking and accelerating. Because of this, the slick tyies used lor 
racing have no grooves whatsoever, and semi-racing tyres use a minimum number 
of grooves that are as shallow as possible in order to maintain rigidity. 
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Aerodynamics 
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Improving Aerodynamics 


Aerodynamic improvements are an essential part of increasing high-speed performance. 
Improper tuning however, can cause more problems than it solves, so an extremely delicate 
approach is necessary. 


Harnessing the wind 


Aerodynamic Tuning 


Front Spoiler 



Aerodynamic parts are often fitted for purely stylistic reasons, but when used 
properly, they are an essential part of tuning a car to perfection. Well tuned 
aerodynamics will reduce the air resistance that limits speed and the forces 
acting to lift the body off the ground, greatly increasing driving performance. 
The downforce created by aerodynamic parts is crucial in improving stability and 
maximising the gripping performance of the tyres, while improv ng control of 
the car. However, it is essential to balance aerodynamic tuning with the 
suspension and the overall car. and it is not uncommon for improper tuning to 
actually hinder driving performance. 


Designed to curb the flow of air underneath the car. thus reducing lift. 
However, in some rare cases, poorly shaped parts fitted on a car lowered to the 
ground can make pressurised air flow in the narrow space between the car and 
the ground, causing lift instead of suppressing it. In the worst cases, this can 
lead to complete loss of control. 


ii:< 


IT ir Bumper Spoiler 

li igned to optimise the shape of the rear bumper, preventing air turbulence 
behind the car and ensuring smooth airflow. The rear bumper and the rear bumper 
; < tier can be manufactured as one part, or the spoiler can be installed as a 
l arate part that attaches to the bottom of the bumper. The former is called a 
i mi bumper spoiler and the latter is called a rear under spoiler or rear skirt. 


Rear Wing 


Mounted on the upper part of the rear of the body, rear wing spoilers onmiin Unit 
airflow is smooth around the car and prevent air turbulence The sliiipn of (hr 
spoiler is also designed to counter lift. The greater the size, the mote dnwnfoico 
generated, and the more grip is increased on the rear tyres. 



Ki'ie Spoilers 

A o called side skirts or side steps, these are mounted on the left and right side 
mils of body. They reduce air resistance that occurs along the side of the car. 



Rear Diffuser 



Rear diffusers are fitted beneath the rear bumper, and create negatlvo piossure 
by efficiently drawing out the air from the underside of the car, thus increasing 
downforce. They are often used in racing cars, and the smaller the grip between 
the diffuser and the road, the greater its effect. 
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Tuning & Settings 


Changing Settings According 
to Car Characteristics 

The possible settings when tuning a car are as varied as the cars themselves. Among the differences 
between cars, drivetrain layout can have one of the biggest effects on handling and vehicle behavior. 

It is important to understand how the different layouts behave before making any adjustments. 


Drivetrain Layout 

The drivetrain layout refers to the location of the engine - the heaviest part of the 
car - and the wheels to which that engine delivers its power. Different drivetrain 
layouts have different benefits and disadvantages, and even in highly tuned sports 
cars, drivetrain type remains a huge factor as it has a direct effect on how the car 
handles and behaves. Changing drivetrain layout is difficult, but it is possible 
instead to tweak a particular layout to emphasise the good points while 
suppressing the bad. A set-up that cleverly exploits and improves upon existing 
drivetrain layout, suspension and aerodynamics characteristics can create 
handling that is in a different class than the norm. 


V FR 


If given a good weight distribution, an FR car offers superb cornering and 
stability. If you want to go faster, it is a good idea to tune for increased traction 
at the rear wheels so that the tail does not slide out during acceleration. 
The front on the other hand should be tuned so that it is not prone to a "pushing 
understeer" condition that will prevent you from tracing the desired driving line 
when the load from the front is reduced during acceleration. 



Compensate for 
weak points, improve 
strong points 

r ff r mr 


iii i FF the front tyres, which are both steering and drive wheels, tends to attract 
,iii 'he attention, but you must not forget about the rear. On a high speed course, 
tlio rear should be set for more stability, while on a course with many turns the 
incus should instead be placed on allowing the rear to slide out easier when 
Idling off the pedal, enabling sharper cornering. FF cars normally use 1-way type 
I Ill's that only activate when accelerating. 


Positioning the engine in the centre of the car enables good iiaulofOtlim mill 
deceleration. Turning is also sharp but when pushed to the limit. Ilw sm.illm limit 
in the front end can lead to understeer. The speed at which the ii-m end nliilmi r 
also very quick and trickier to control. When tuning, attentiuu should lm p nl lo 
first securing its turning performance at the entry of cmnci:.. then Hie liiicliun 
when accelerating out of a corner. Front and rear downloici) should nhu lie 
carefully balanced. 




RR 

A i ombination of the rear mounted engine and rear wheel drive gives great 
iic: deration and deceleration, but there is even less weight on the front er,d than 
in ;i MR layout, making understeer during cornering even more pronounced. 
A! ;o, when pushed to the limit through a corner, the heavy rear end will act like a 
iic dulum, swinging sharply around and causing sudden oversteer. Tuning this 
li /etrain layout is usually a case of improving the initial turning ability upon 
•'i try into a corner. 



r 4WD 

Depending on the drivetrain layout on which the 4WD is based, the car will behave 
differently, but generally speaking, turning in a 4WD vehicle is more difficult due 
to its extremely high stability. Stability during acceleration out of a corner is 
extremely good to begin with, so the settings should focus on its turning ability 
upon the initial entry into a corner. The ISDs used on these cars are usually 
1-way in the front and 2-way in the rear. - 
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Part-by-Part 


Tuning & Settings 


Basic Settings Part-by-Part 


Just installing high performance parts will not make your car faster. Adjusting settings in 
consideration for the total balance of the car is the only way to draw out the full potential of 
each component and to increase a vehicle's overall performance. 


f Suspension 

[Ride Height/Spring Rate] 


V Changing Your Car's Behaviour 

If road conditions are good and the surface is flat, the lower the ride height of a car 
is set. the lower its centre of gravity will be. This will reduce the pitching during 
acceleration and deceleration and minimise roll during cornering, thereby improving 
overall performance. The car's behaviour can also be fine-tuned by setting the front 
and rear suspension to different heights. For example, making the fronl suspension 
lower than the rear will push the front wheels against the road harder when entering 
a corner and the car will turn in more smoothly. In FF cars, this technique can be 
used to counteract the tendency of the front of the car to rise up when accelerating. 

Spring rate also has a large impact cn how a car moves. It is often thought to be 
the case that the harder the springs, the better, but this is not always the case. 


Harder springs can reduce unfavourable driving movements such as pitch, yaw 
and roll in the same way as reducing the ride height, but if they are too hard, 
kickback from the road surface will be increased to the point where it is difficult 
for the tyres to remain in contact with the ground and traction will be lost. 
For this reason, spring rate should be carefully calibrated in order to be neither 
too tight nor too loose for your needs. 

Spring rate also has a big impact on handling. Increasing the rate at the front can 
lead to understeer and increasing the rate at the rear can increase oversteer, but 
this can be compensated to some extent by adjusting the damping force of the 
shock absorbers - so they must be set in pairs. 



n:i 


Getting the front 
and rear suspension 
balance right 

Suspension 

[Damping Force] 


Controlling Spring Compression and Extension 

Mi :ck absorbers control the speed at which suspension springs expand and 
11 Tract when load is placed on them, and the force they exert is known as 
(l imping force". Damping force is generated by the resistance created in oil or gas 
,c iled inside the shock absorber's piston when it moves up and down, 
li higher the damping force, the more quickly Ihe springs' movement will be 
,i pressed, and the lower it is, the longer it will take for the movement of the 
flings to subside. 

Damping force settings for compression and extension can be changed 
independently, allowing the car's behaviour and handling to be controlled more 
|n> cisely. If damping force is increased for spring compression, the speed of nose 
iliva during braking,'roll when cornering and other body movements will be reduced, 
in • the increased stiffness of the undercarriage will make the wheels more likely to 


leave the road under bumpy conditions, and will make it more dlfliciill In h < In ni 

transfer effectively. On the other hand, increasing the damping Ion«lm ... 

extension helps subside major movement changes. For example, tlm liftimi nl llm 
front of the car when accelerating out of a corner will be suppimmml by pinveiii.11,1 
the fronl suspension from extending immediately, maintaining Mm 1 1 u! Mm 
front tyres to the ground. 

Handling characteristics can also be adjusted by changing Mm dumping inn o lm 
spring compression/extension between front and rear wheels II dumping Initu r. 

reduced for spring compression at the front of the car. rnnm nf ..hi lu.iil will 

tip towards the front during a turn, thus improving grip in llm limit .mil < minfitiiiig 
understeer. Reducing damping force for spring extension in Ihe iiim will immasu 
oversteer, and increasing it will increase understeer. As n mle of Ihumb. the 
damping force for spring compression should be set before the ilnmplni) force for 
spring extension. 


From and Rear Damping Force 
(For Spring Compression) 

High low 





Tendency to Understeer 
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Part-by-Part t 

Suspension 

[Wheel Alignment: Camber Angle) 

V The Positive Effect of Negative Camber 

The most commonly altered wheel alignment setting is the camber angle. 
A negative camber is when the bottom of the wheels are spread wider apart than 
the tops of the wheels when viewed from the front, and a positive camber is when 
bottom of the wheels are pointed in towards the centre of the car. 

When cornering, centrifugal force will cause the car to lean towards the outside 
of the turn. If the wheels are given a negative camber in anticipation of this, more 
of the tyre surface will be in contact with the surface when turning and better 
traction can be achieved. "Increasing camber angle" usually refers to increasing 
negative camber. 

However, a negative camber has disadvantages when travelling in a straight line. The 
tyres are not upright on ihe road, so steering can be more easily disrupted 
by ruts or unevenness in the road surface and it can be more difficult to gain traction. 

Positive Camber Negative Camber 


BASIC SETTINGS PART-BY-PART 


The angle of the wheels will also increase resistance, which will impede 
acceleration performance, and the reduced amount of tyre surface in contact with 
the ground will also lengthen braking distances. The more severe the negative 
camber, the more severe the negative effects when on the straight, so it is 
important to think very carefully before making any drastic changes. 

When applying negative camber, it is important to consider the effect of weight 
balance between the front and rear wheels when cornering. If there is a lot of 
load on the front of the car. the negative camber of the front wheels should 
be larger and that of the rear wheels should be smaller. This will reduce the risk 
of understeer. 

A positive camber is almost never used as it reduces tyre grip and makes 
movements of the car oversensitive. 


Roll While Cornering 
Negative Camber increases 
Grip When Cornering 





Suspension 

[Wheel Alignment: Toe Angle] 


A Shallow Angle With a Deep Effect on Stability 

Hi toe angle is the angte of the wheels when the car is looked at from above, 
i plays an important rote in maintaining stability when weight balance between 
Ihe left and right sides shifts dramatically. For example, when toad moves to the 
nut ;.ide wheel when cornering, the angle of that wheel has a huge effect on how 
Hie car behaves. The toe angle setting dictates this angle and, as such, plays an 
important role in maintaining stability. 

Too-in" is when the front of the wheels face inwards. "Toe-out" is when the 
limit of the wheels face outwards. In terms of handling, setting the front wheels 
in 'oe-ln and the rear wheels to toe-out will cause a greater tendency to 
nvrrsteer. while the apposite setting will cause a tendency to understeer. 


The front wheels are also sometimes set to toe-oul in oilier In imikn Ilium mow 
less erratically when cornering. 

Toe angle is intricately related to wheelbase, track width, i:iimlii!i mi||li! mill 
engine power. It is often the last of these to be adjusted, and mily Ihi'ii m iinlui tu 
correct slight peculiarities caused by the other factms. in In subtly Iwuk 
handling characteristics. A steep toe angle will cause a lot nl ii.'Msliim i’, .11 
adjustments are always very small. Changes to the toe angle nl Hut nun whimls 111 
particular can have a large impact on drive performance and hinullimp mi IIhi 
angle of the front wheels are usually set first, and only vmy mlimi mljiiMmontH 
made to the rear. 
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- BASIC SETTINGS PART-BY-PART 


Suspension 

[Anti-Sway Bar/Stabiliser Stiffness] 

V A Final Tweak 

An anti-sv/ay bar is a torsion bar spring that connects the tower arms of the left 
and right suspension. A torsion bar spring is a metal bar that utilises the 
resistance of twisting force placed upon it. When the suspension on one side 
moves during cornering, the resistance of the suspension on the other side 
counteracts that movement, reducing roll, and thereby keeping more of the tyre 
surface in contact with the ground. The stiffness of this bar is represented by a 
spring rate similar to that of a suspension spring, and increasing the stiffness of 
the front anti-sway bar will improve steering response. 

When adjusting the anti-sway bar. it is important to not set the spring rate higher 
than that of the suspension spring. If the anti-sway bar is stronger, the 


suspension spring will be too weak to overcome it and when weight moves to the 
outside wheel, the inside suspension will lift up with the anti-sway bar. causing 
the inside wheel to lift off the track and traction to be lost. 

It is also possible to adjust handling by altering the spring rates of the front and J 
rear anti-sway bars, but these kinds of adjustments should usually be made by 
just changing the spring rate of the suspension springs and the damping force of 
the shock absorbers. Adding anti-sway bar stiffness to this equation 
overcomplicates things and makes it very difficult to achieve the desired result ■ 
Anti-sway bar stiffness adjustments should be seen as a final tweak rather than a | 
tuning method in themselves. 




Drivetrain 

[LSD] 


03 


r 


V Changing the Limit Changes Manoeuvrability 

mill i torque decides the point at which the LSD kicks in. The higher it is. the 
ohm i' isily the LSD will lock and the more responsive acceleration will be. 
Him I' wer the initial torque, the more slowly the LSD will take effect. 

linin'i illy speaking, increasing the initial torque will accentuate the handling 
|in< ni ities of a vehicle’s drivetrain layout. Therefore, oversteer will be increased 

.. wheel drive cars and understeer will be increased in cars with front-wheel 

iIhvm Although this improves traction in both cases, it will make turning more 
ilillii nil. As such, initial torque adjustments should be made with the desired 
limiilli | requirements in mind. 

An Jln r setting that can be adjusted is how the LSD behaves during acceleration 
nnl ili deration. The acceleration setting governs the effectiveness of the LSO 


when stepping on the accelerator and. the stronger it is. the more dilvo powm is 
transmitted to the wheels and the more quickly the car will be able lo cleai 
corners. However, this will also accentuate any handling peculiarities, and gelling 
the car to point in the direction needed to exit the corner may tequire some skill 

The deceleration setting governs the effectiveness of the LSI) when the 
accelerator is released. The stronger it is. the more stable it will he upun untiy 
into a corner while braking. This allows you to go into the turn very fast, because 
you can keep braking longer than you would otherwise. However, this makes 
turning more difficult and is only recommended for advanced duvets who aio 
skilled at compensating for initial understeer. 



FR/MR/RR 

Tendency to Oversteer 



FF 

Tendency to Understeer 




Front-Engine 4WD 
Tendency to Urdersteer 


Adjusting cornering 

behaviour 
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- BASIC SETTINGS PART-BY PART 


F Drivetrain 

[Gear Ratio] 


V Maintaining Power with a Close Ratio 

Race cars have to drive on all kinds of circuits, from winding tracks with many 
corners to tracks that feature tong, high-speed straights. In order to get the best 
out of your engine on a particular course, it is often necessary to change the gear 
ratio of your drivetrain. This usually involves changing both the final gear and the 
gears of the transmission. 

When driving on a track with lots of tow and mid speed corners, your focus will 
need to be on accelerating out of the corners rather than achieving high speeds. 
At times like these, a transmission consisting of gears of similar ratios will allow 
you to stay more easily within the powerband. This kind of gear setup is known as 
a “close ratio". 


On the other hand, on a course featuring lots of long straights that emphasise | 
high speed, you will want a setup that increases top speed by using smaller ratios 
for 5th and 6th gear. This kind of gear setup is known as a "wide ratio". 

The gear ratio of the final gear affects how the transmission as a whole behaves. I 
It the final gear is made smaller with the same set of transmission gears, 
acceleration will be improved but top speed will be reduced, whereas a larger final I 
gear will increase top speed at the expense of acceleration. When you first start ] 
adjusting gears, you should just change the final gear for an easy adjustment. You j 
want to set the gear so that the engine will reach the rev limit in the last gear of 
the transmission, just by the end of the straightaway on the track. 



On a course with lots of earners, bringing the ratios 
of ail the gears closer together puts the focus on 
acceleration performance. 




On high-speed circuits with long straights, 
increasing gear ratios will put the focus on 
increasing top speed. 



Speed 
I km/h) 


5 ^ 












— 


Engine RPM 



Aerodynamics 

[Downforcel 


^ Improving High-Speed Performance 

II in impossible to ignore the effects of air when driving at high speed. 
UlMi' ('Meets can broadly be divided into two categories: air resistance, which 
ilOiim ip speed, and lift, where the movement of air picks the car up off 
1M i|i> mu). These two factors are closely related: reducing air resistance 

.. iMt. and reducing lift increases air resistance. Therefore, a careful 

(lilt.iii-cds to be struck between the two. 

* My i 'Mtcern when tuning to deal with air movement at high speed is how best 
in Mpiu i downforce. Downforce is the force exerted when air resistance pushes 
ilium mi the car, improving contact with the road. An increase in downforce will 
i»il>H i inp speed, but will increase stability when cornering and improve 
liuniniiiii speed, especially on high speed corners. Reducing downforce. on the 

llliiii ..I. will reduce cornering speed, but will allow the car to move more 

ijunHy > i the straight. 



11 H leases Slightly 
yin liver steer 


The amount of downforce needed is dictated by the nature of the course, and 
although it might seem so. having strong downforce from the start will not 
produce a good setting. The ideal way to set a car is to perform various settings 
with Ihe minimum downforce. then gradually increase it according to the 
importance of the high speed corners. For small displacement cars, the best 
approach is usually to maximise top speed by reducing downforce to zero. 

Variations in front and rear downforce can also be used to alter handling 
characteristics when negotiating high-speed corners. Increasing downforce on 
the front end will increase grip on the front wheels, increasing oversteer, 
whereas stronger downforce on the rear will have the opposite effect, 
increasing understeer. Adjustments of this type can make all the difference 
on high-speed circuits. 



Top Speed Cecrsascs Sligtitly 
Tendency to Understeer 



Top Speed Decreases 
Control Increases 
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CHAPTER 03 

Tuning & Settings 


Settings for Specific Situations 


One very important reason for adjusting your car's settings is to deal with a specific course or 
specific conditions. A few quick suspension and drivetrain tweaks can make a surprising 
difference to how your car handles a particular track. 



High-Speed Circuits 

V Improving Top Speed 

The ideal settings for a high-speed circuit are those which allow the car to take 
high-speed corners as fast as possible. The suspension and shock absorbers 
should be stiff and the ride height low. However, if the ride height is so low that 
the springs cannot move sufficiently, the suspension will be too hard to absorb 
the impact of bumps and undulations in the road, cancelling out any 
beneficial effects. If you use stiffer suspension springs, reducing the stiffness of 
the anti-sway bars will create a little roll that will keep the wheels in better 
contact with the road. If, on the other hand, you soften the springs a little in 
order to deal with an uneven road surface, stiffening the anti-sway bars will help 
combat excessive roll. Basically, the idea is to have your anti-sway bars 
compensate for the shortcomings of your springs. 


Wheel alignment is also important. Increasing the rear toe-in angle is a good 
way of improving stability. The camber should be at least slightly negativo, 
but you also wanl as much of the tyre as possible to be in contact with the track 
when driving fast on the straight and when braking hard, so it's best not 10 
go overboard. 

As far as gear ratios are concerned, the aim is the same as always: to keep Him 
car within the powerband as much as possible. The final gear should be set to» 
ratio that allows the top gear to just reach redline by the end of long straights 
As for downforce, the minimum possible amount should be used in order lo 
maximise speed on the straight, but you want to make sure that stability is not 
lost when cornering and braking. 


V Suggested Suspension Settings 



FRONT 

REAR 

Ride Height 

Lew 

low 

Extension 

Strong 

Strong 

Compression 

Strong 

Strong 

Spring Rate 

Hard 

Hard 

Toe Angle 

0 

In 

Camber Angle 

Negative 

0 

Anti-Sway Bai 

Hard 

Hard 


* Depending on the car. these settings may not be possible. 
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Getting the best 
performance 



Technical Courses 

r Effectively Transferring Power to the Road 

I in a technical course with a lot of tight corners, the goal is to set up a car that 
r in turn quickly anrfhas the ability to accelerate out of corners with a minimum 
Ions nf power. The first thing to do is set the ride height to an appropriate level 
ini ilie course, which should be as low as can be achieved without 
i mixing problems. 

Mu' front springs should be softened and the rear springs stiffened (only 
nmdiirately in rear-wheel drive cars) in order to enable better turning, and the 
dim * absorbers set with the same aim in mind. Alignment-wise, the front wheels 
lin ild be set with a slight toe-in angle if the driver wishes to prioritise initial 
n |i:msiveness when cornering, but with less toe-in if the emphasis is more on 


drive feel at and beyond the clipping point. Negative camber should be used in 
moderation, as traction needs to be maintained when braking and cornering. 
The transmission gearing should be set with a close ratio to maintain revs rather 
than prioritising top speed, and the final gear ratio should be tow to allow 
quick acceleration. 

If full-scale engine tuning is possible, the focus should be on achieving maximum 
torque at low and medium speeds in order to boost acceleration out of corners 
rather than on achieving maximum power at high revs. Downforce on both front 
and rear should be as high as possible, as the aerodynamics of the car should 
support stability during cornering rather than improving top speed. 


Suggested Suspension Settings 

FRONT 

REAR 

Ride Height 

Low 

High 

Extension 

Strong 

Weak 

Compression 

Strong 

Weak 

Spring Rate 

Hard 

Weak 

'"h"ct Alignment ToeAn8ie 

0 

In 

Camber Angle 

0 

a 

.. ... ,. ... Anti-Sway Bar 
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i mm Specific Situations , 




V Understanding Where the Car Refuses to Turn 

Start by identifying when understeer occurs, whether it is on entry to a corner, 
near the dipping point or when accelerating away. If understeer occurs on entry to a 
corner, the grip of the front tyres needs to be increased as much as possible. This can 
be achieved by softening the front suspension springs and increasing the extension 
side of the shock absorber, white reducing it for spring compression in order to 
encourage load to move forward. As well as suspension-related factors, an over¬ 
sensitive LSD can also cause understeer at this stage of a corner, and lowering the 
LSD's lock rate and initial torque can go some way to rectifying this. If you are using a 
2-way LSD lone which takes effect whether the accelerator is pressed down or not) in a 


On courses with high-speed corners, increasing front-end downforce to improve 
the grip of the front wheels can also be effective. If understeer is occurring when 
approaching the clipping point, negative camber should be increased in order to 
ensure that more of the tyre is in contact with the ground. Reducing rear-wheel 
toe-in can also help to balance grip and. if possible, increasing track width at the 
front end can also be effective. 

If understeer occurs in rear-wheel drive cars when accelerating out of corners. Itj 
can be counteracted by decreasing ride height at the front, increasing the 
damping force for extension on the front shock absorbers and increasing it fori 
compression on the rear. If it occurs in an FF car, it can be combated by 
increasing the effect of the LSO. 


rear-wheel drive car, try changing it for a 1-way system that does not take effect 


when decelerating 


V Suggested Suspension Settings 



FRONT 

REAR 

Ride height 

low 

High 

Shock Absorber 

Extension 

Strong 

Strong 

Compression 

Weak 

Strong 

Spring Rate 

Weak 

Herd 

Wheel Alignment 

Toe Angle 

In 

0 

Camber Angle 

Negative 

B 

Anti Sway Bar 

Weak 

Hard 


* Depending on the car. these settings may not be possible. 



Countering Oversteer 

f The Trouble With Rear-Wheel Drives 

11 .'ind 4WD cars rarely suffer from oversteer, this problem almost exclusively 
ii 1 "rear-wheel drive cars. If you are aiming simply to have maximum control 
el " j rsteer. for example in a drift event, then both the front and rear suspension 
iliiiniil he stiffened in order to improve control over how much the rear end slips 
uni i: wever, in a time trial or similar track racing event, you will need to take 
mi' ciiires to maintain traction in order to keep the car moving forward. The main 
iN'.im for unwanted oversteer is the loss of rear-wheel traction when the 
(i «lorator is applied, which causes drive power to be wasted on moving 
' Hliiways rather than accelerating. 


Spring rate and damping force can be tuned to counter this effect. The rear 
springs should be softened, and the damping rate of the shock absorbers 
decreased for compression and increased for extension. It can also be beneficial 
to reduce the stiffness of the rear anti-sway bar in order to increase load 
movement onto the inside wheel. If possible, rear track width should also be 
increased. If the front suspension is too soft, weight from the rear can shift 
forward too easily, so the front suspension should be stiffened in order to 
improve grip at the rear. 

If there is a rear spoiler, the angle should be increased in order to increase 
downforce. However, this will mean a slight loss of top speed. 


r Suggested Suspension Settings 

FRON1 

REAR 

Ride Height 

High 

Low 

Extension 

Strong 

Strong 

Compression 

Strong 

Weak 

Spring Rate 

Hard 

Weak 

n . c , Toe An 9 l6 


In 

Camber Angle 


Negative 



Weak 
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Specific Situations 


SETTINGS FOR SPECIFIC SITUATIONS 



Wet Conditions 

V Getting the Best Out of Your Tyre 

As you might expect, when it rains, the friction coefficient (pi of the road surface 
is reduced, and grip along with it. Let's look at some settings that can be 
tweaked in order to deal better with wet conditions. 

Spring rate, damping force and anti sway bar stiffness should all be set tower 
than they would be in dry conditions, and in some cases, the rear anti sway bar 
can be removed entirely. Stiff suspension will make it haider for the wheels to 
remain in contact with the ground and may cause the car to slide out suddenly. 
Hard suspension improves grip when the grip of the road is good, but in wet 
conditions, where grip is poor, the softer the suspension the better. The camber 
angle should be decreased slightly more than in dry conditions to ensure 
that more of the tyres maintain contact with the ground during acceleration 
and deceleration. 


In cars where aerodynamic adjustments are possible, front and rear downfoicl 
should be increased in order to maximise grip. One of the simplest wet weather 
tweaks is to adjust your tyre pressure. In heavy rain, increasing tyre pressure will 
put less of the tyre surface in contact with the ground increasing load on the part I 
of the tyre that is touching the ground and thereby preventing hydroplaning] 
Conversely, in light rain, reducing tyre pressure can improve performance 
Altering the air pressure of the front and rear tyres is a quick and easy way hi 
fine-tune the amount of grip they achieve, and is usually one of the firsl 
adjustments made. 

If full-scale engine tuning is possible, the emphasis should be placed on low- and 
mid-range torque rather than top-end power. Relying more heavily an electronic | 
control devices can also improve wel-weather performance, and it can bl 
surprising to see how much difference an electronic braking-control system 
can make. 


V Suggested Suspension Settings 


* Depending on the car, these settings may not be possible. 



FRONT 

REAR 

Ride Height 

Low 

Low 

, Shock Absorber 

Extension 

Weak 

Weak 

Compression 

Weak 

Weak 

Spring Rate 

Weak 

Weak 

Wheel Alignment 

Toe Angle 

In 

In 

Camber Angle 

Negative 

Negative 

Anti Sway Bar 

Weak 

Weak 
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' Gravel 

W Improving Control 

it n in ;l important thing when setting a car up for gravel driving is to allow for 
iii i.ii i nntrol. The condition of unpaved surfaces is often unpredictable, and 
Hlli'in i your driving line even slightly can take you over areas the friction 
Miiilln "lit of which is completely different. Cars will also kick up sand, dust and 
yitivi s ihey drive, completely changing the nature of the road surface for those 
Uni In low them. If a car is tuned solely to push the limits of its performance as 
H win 11 be on a surfaced track, it won’t have the flexibility to deal with sudden 
• I*. i in the road surface. 

Hi" w i of tuning for road surfaces of this kind is to aim for a set-up that will 

. ihe front of the car to turn in when the driver's foot is taken off the 

.i.itor, but which will have neutral steering (i.e. no oversteer or understeer) 


when the accelerator is applied. This is what might be called an "oversteer" set¬ 
up. which allows turning to be controlled to some degree by acceleration. It can 
be achieved by using a 2-way LSD and adjusting the balance of braking power 
between the front and rear. 

Understeer and oversteer countermeasures can he approached in the same way on 
gravel as on paved roads. Ride height depends entirely on the road surface - 
lower is still better, but bumps, rocks and other obstructions mean a higher risk 
of damaging the car. On courses with jumps, the aerodynamics should be 
balanced so that the car maintains a good position when airborne. Engines should 
be tuned for maximum response rather than maximum power. 

Generally speaking, achieving good speed on gravel uses the same set of driving 
techniques as on the track. 


Suggested Suspension Settings 



FRONT 

REAR 

Ride Height 

High 

High 

Extension 

Strong 

Strong 

Compression 

Strong 

Strong 

Spring Rate 

Stiff 

Stiff 

Toe Angle 

In 


Camber Angle 

Negative 

Negative 

Anti Sway Bar 

Weak 

Stiff 


i img on the car. these settings may not bE possible. 







































In the last decade or so, the world of driving has changed dramatically. The era of driving performance taking precedence over all else fs' approaching an 
end and the focus has increasingly switched to technologies aimed at enabling the automobile to exist in harm6ny wj thT.the ,planeJL Here, weTl'ldolc-at.. > 
some of the energy sources that may well carry’us into the next generation, and take a|Wip§e intoJfoe-ftftuTe of the autorpghilfi--aiTd'Tts development. -1 


SKY-G. Mazda's next-generation engine. Several state-of-the-art 
technologies, including reduced mechanical resistance, direct 
fuel-injection and variable vatve timing have been condensed into 
one neat little package 


The 1.4-litre Twincharger engine, fitted by VW to its Golf and 
other models. In a good example of the trend for downsizing, low 
displacement is compensated for with a supercharger. 


The Dies&tto' engine introduced by Mercedes in 
High efficiency is achieved through self-ignition, made 
by super-compressing petrol. 


The Next Generation of Power Sources 




Hu 1 tomobile is celebrating its 120th birthday. During its lifetime, numerous 

IIIi logies have come into existence, evolving and expanding this endlessly 

p ie mode of transport. However, as cars have spread tike wildfire throughout 

Hie he, the issue of their impact upon the environment has become harder and 

Inin to avoid. As fossil fuels edge ever closer to depletion, one question is 

limn isked which will affect the fundamental nature of the automobile: what will 
|)uw 'lie cars-cf tomorrow? 

in iin attempt to answer"this question, automobile manufacturers are 
Oil i' nenting with various options>but as yet no definitive solution has been 
it’ll' d. Here, we'll be giving you a rundown of the various challenges they 
■in 1 1 ing. But before we introduce the next generation of power sources, it will 
in ii necessary to take a look at the evolution of'pkfljl and diesel internal 
tom! nstion engines themselves. Despite accusations that they^are behind the 
Him petrol and diesel engines have not yet regebetfthe peak of their evolutTon,. 
ini) e likely lo continue to play a significant role for a while to come. 

Iim i lies jaachTeving further efficiency and downsizing. In terms of efficiency, 
miii i /bile manufacturers claim to be able to raise current standards of thermal 


One example of this claim is Mazda's SKY-G and SKY-D range of next-generation 
engines, announced at the 2009 Tokyo Motor Show. Both engines feature reduced 
mechanical resistance, improved direct fuel-injection systems and advanced 
variable valve timing. In fact, the SKY-G-equipped "Kiyora” concept car achieves 
32 kilometres to the litre - a super-low level of fuel consumption, equivalent to 
that of a hybrid car. 

Meanwhile, the concept of downsizing involves creating tower-displacement 
engines with the aid of superchargers and other combustion aids. Volkswagen's 
2-litre Golf and Scirocco models, both fitted with 1.4-litre supercharged engines, 
are good examples and have improved fuel consumption by up to 20%. 
Furthermore, Volkswagen, Daihatsu, and Fiat recently announced two-cylinder 
engines one after another, sparking a new trend towards compact cars that is 
receiving a fair amount of attention. From here on in, the movement towards 
downsizing looks to become standard practice, and may even expand to include 
large saloons and sports cars. 

As you can see. there is life in the internal combustion engine yet. and it's clear 
that this technology isn't quite ready to retire. 
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Jhe Next Generation of Power Sources 

The Fro nt line in the Struggle for Independence from Fossil Fuels 


The Advent of the Electric Vehicle 


The basic structure of the electric automobile is simple. Electricity drawn from an 
external source is temporarily stored in the battery, then used to power the motoi 
and turn the wheels. Unlike the petrol engine, an electric engine does not need 
complicated parts such as a radiator to cool it or a complex air-intake system 
Currently, more than 20.000 components are needed to build an average car. but 
with the electric car this number would dramatically decrease. One particulai 
sports car leads the way in the electric vehicle boom - the Tesla Roadster, made 
by Tesla Motors, which hit the roads in 2008. 


When tire engine-powered automobile first appeared, many people believed that steam 
engines or electric motors were safer, and held more promise. Fast forward 120 years. 
The golden age of the engine has passed and the electric vehicle (EV) is making a 
comeback. In 2009. Mitsubishi released its i-MiEV to the Japanese marketplace. At 
around the same time. Subaru introduced its Plug-in Stella and. in 2010. Nissan is due 
to launch its Leaf electric car. In addition to the vehicles themselves, related 
technologies such as batteries are also undergoing huge development in order to make 
the electric car a viable means of modern transportation. 



ansparent vim of ibe Tesla Roadster. The car boasts a highly fuocliuiiat layout with the heavy 
ery positioned directly behind the seat; and the motor positioned dose to the rear wheels. 


Subaru Plug-in Stella 

This TV was launched by Subaru lit limit /hl)V 
The battery is sized With city commultw in mind 
and is designed to have a short chargin'] limn 


Nissan leaf 

Nissan is due to launch this EV, intended for the 
global mass market, at the end of 2810. It is 
equipped with the latest in lithium-ion battery 
technology to achieve a greater cruising range. 


Mitsubishi i-MiEV 

this highly accessible EV was announced in June 
2009 and went out for sale to individuals the 
following month, the battery is Fitted under the 
floor to achieve a low centre of: gravity. 










Driving Spirit 


Transforming the Automobile with Clean Energy 

The Possibility of Alternative Fuels 



There is another alternative other than electricity that has the potential to help 
reduce or eliminate our dependence on fossil fuels. That alternative is hydrogen. 
As the name suggests, a hydrogen car is an automobile which runs on hydrogen, 
and since the existing structure of the internal combustion engine can be used 
more or less as it is to make a hydrogen engine, automobile manufacturers are 
eager to continue research into this area. Hydrogen-fuelled cars do not put stress 
on the environment in the same way as petrol-fuelled cars. Burning hydrogen 
produces only water and a miniscule amount of nitrogen oxides. 

One reason that hydrogen is being hyped as the fuel of the future is that, as an 
element of water and various fossil fuels, there is an inexhaustible supply. 
Moreover, it should not be overlooked that, of the various fuel types, it has the 
highest energy value per unit weight and is a recyclable energy that converts back 
to water after use. The automobile companies leading the way with hydrogen 
engines are Germany's BMW and Japan's Mazda. Since February 2007, Mazda has 


made its RX-8 Hydrogen RE available for tease, and BMW is conducting numerous 
tests aimed at putting the world's first hydrogen car, the "Hydrogen T . into 
production. Mazda's hydrogen car oses a rotary engine in order to leverage g 
special characteristic: backfires rarely occur, since injection and combustion take 
place in separate locations. 

And that’s not all. Another application of hydrogen as an energy source that lias 
caused great excitement is the hydrogen fuel cell. This is a system that 
generates electricity by causing a chemical reaction between hydrogen and 
oxygen. Since it uses the inexhaustible resources of hydrogen and oxygen, and' 
produces only water upon reaction, this system is the subject of large-scale 
research. Many people believe that the fuel-cell electric vehicle [FCEVJ will 
supercede hybrid, electric and hydrogen cars. Meanwhile, there is one question 
concerning hydrogen to which a clear answer has yet to be found: how should It 
be produced and stored? 



The idea of using hydrogen - a dean, abundant, and manageable fuel - to power automobiles ir. 
edging ever closer to reality. The BMW Hydrogen 7, Mazda's hydrogen-rotary-engine-equippnd 
RX-8, and the various hydrogen-fuel-celt-equipped vehicles, including Honda's FCX Clarity, are 
worth keeping 30 eye on in futur 


tiy, the most commonly cited method is to extract hydrogen from naturally 
i mg gases and store it under high compression, and although several 
itive methods have been proposed, none has yet found serious backing, 
h, many people believe that the widespread use of hydrogen as a fuel may 
air until as late as 2050. 

, not to say that automobile manufacturers aren't doing their best, 
i mis manufacturers have already announced fuel-cell concept cars, 
ist these, the FCX Clarity unveiled by Honda in 2007 is close to being 

i ted and has already been made available for experimental lease in 

ii and Japan. 

mi ion. the idea of using fuel cells in hybrid vehicles or in EV subsystems is 
uvestigated and, if this becomes a reality, it is very likely to spark the 
uead use of fully-fledged fuel-cell cars. 


Mazda RX-8 Hydrogen RE 
This hydrogen-fuelled, rotary-engme-equipped automobile is 
capable of alternating between two separate fuels - petrol and 
hydrogen - at the flick of a switch. It is already being test-driven 
by some businesses and government bodies, 












Driving Spirit 


The Next Generation of Power Source 


A More Pragmatic Next-Generation Power Unit 


Taking Hybrids to the Next Level 



In the US, the 6M Volt is currently on standby. The Volt was originally designed a| 
an EV. but in order to extend its range, an engine was added and it became w 
has been termed a range-extended electric vehicle (REEV). Driven as an EV, it 
a range of 40 miles, after which it becomes a series-hybrid, using electricl 
generated by the engine, 

The hybrid wave has even swept as far as sports cars. At the 2010 Geneva Moto 
Show, Porsche announced three hybrid vehicles at once: the new Cayenne, the 911 
GT3 Hybrid and the 918 Spider. The Spider does away completely with t 
traditional hybrid image and is a highly anticipated and extremely high-end lux 
sports car. Ferrari also launched its 599 Hybrid at the Geneva Motor Show 
proving that these vehicles are now making real inroads into the world a 
performance driving. 


A charging function was added to the Prius 
create the Prius Plug-in Hybrid, with strengthened 
EV performance {left}. To the right is the E300 
BlueTec Hybrid. Mercedes' diesel hybrid, which is 
due to be launched in 2011. 


The CR-Z lleft) sets itself apart from existing 
hybrids with its superior performance, handling:! 
and styling. On the right is VW's 2-seater hybrid, i 
the LI. Super-low fuel consumption is the main 
selling point of this 800cc, 2-cylinder diesel hybrid. 


In 1997, the Toyota Prius was launched as the first mass-produced hybrid car. 
Over a decade has gone by since then, and hybrid cars have now found 
themselves a real role in the marketplace. Currently, the Toyota Prius and Honda 
insight lead the hybrid field, but in February 201D, Honda launched its CR-Z sports 
hybrid, injecting new life into the eco-friendly automobile arena by emphasising 
enjoyable driving. Meanwhile, the Prius is finding a new lease of life as a plug-in 
hybrid which can be charged from home. 

The other motor industry giants are not taking this lying down. Mercedes and 
BMW are introducing hybrids to their respective flagship lines, the S-Class and 7 
Series. The design concepts go beyond low fuel consumption alone and utilise the 
motor as a supercharger to give the engine a performance boost. The Audi A8 is 
also due to be launched shortly and is set to become an exceptional eco saloon, 
combining luxury with a four-cylinder, 2-litre turbocharged engine. 
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| Increasing compression ratio 

131 

HWuvISO 

uT| 

| Increasing displacement 

126 

Etyiso 

141 | 

| Initial torque adjustment 

141 



| intercooler 

133 

Aiim.i ii, iimc tuning 

150 

| Knocking [abnormal combustion! 

130 

Sllli way bar 

147 


All flu r 

125 

| Large diameter discs 

145 

lining 127 

| Lightweight body 

143 

Hid v lives 129 

| Lightweight flywheel 

139 

Huh ' i up 126 

| Lightweight propeller shaft 

139 

Hi wi i 1 porting 

135 

| Limited slip differential [LSD] 

140 

147 

| Lock ratio 

141 

145 

| Lew gearing 
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129 

| Lew profile tyres 

149 
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|Mechanical LSD ~ 
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| Membei brace 
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Cun tion chamber 
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| Multi-ptate clutch 
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149 

I Overhaul 
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144 
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1 Peripheral porting 
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| Port-grinding 

129 

III',* v . cover 
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| Rear diffuser 

151 

Dow force 
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| Rear spoiler 
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151 
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| Reinforcement 
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| u:,t system 
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1 Roll cage 

143 

|i ,hi resistance 
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| Rotary engine 
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(in. gear ratio 

136 



leu tuning 
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| Seat set 
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| Until 

144 
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149 
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132 

| Shock absorber 

146 

1 1 1 spoiler 

150 

1 Side spoiler 

151 
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149 

| Slick tyres 
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1 Spark plug 
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| Spring 
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136 
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1 1 capacity turbine 
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| Supercharger 
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| l 11 flow turbine 
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| Turbocharger 
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1 Valve 

129] 


| Valve spring 

129] 


| Weight reduction (body) 

143] 

| Weight reduction (engine parts) 

1271 

| Wide ratio 

137| 


Settings 


Aerodynamics 


1i3| 

~1F| 

~W~\ 

"IsTI 

IsTI 

jil 


Anti-s 1 ,'ray bar stiffness 


Close Ratio 


Compression [shock absorber) 


Damping force 


ID 


Expansion [shock absorber] 


Front/rear weight distribution 


Gear ratio 


Gravel 


Height control 


High-speed circuit 


Hydroplaning 


Initial torque 


In-lift phenomenon 


Da 


~m] 

J67] 

~m\ 


Negative camber 


Oversteer countermeasures 


Spring rate 


156] 

~m\ 


Stabiliser rate 


Toe angle 


159] 

J59] 

-fsn 

"Tit] 

"Til 


Understeer countermeasures 


CHAPTER 

04 


D 


Apex [The Gran Turismo® Exclusive Magazine] 

hoto Mode 


Capturing the Moment 
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Photo Mode 

Angle and Composition 
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Ihe car is still the main focus, but the photograph also skillfully captures the background structures to give a truly stunning image. 
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Photo Mode 


Depth of Field & Filters 


r 




Techniques for Adjusting the Amount of Visual Information 


Once you've mastered the basics, it's time to take your photography to the 
next level. You should aim to familiarise yourself with the following techniques; 
O Rule of thirds. © Triangle composition. 0 S-curve composition. O Diagonal 
composition. © Contrast composition. 

O The rule of thirds involves splitting the field of vision into three equal parts, 
both vertically and horizontally, and arranging the compositional elements around 
the lines and intersections. Using this simple technique can save many a 
photograph from mediocrity. 0 Triangle composition involves arranging the 
elements of an image to form the most stable shape of all; the triangle. 
This ensures that the photograph is not only balanced, but has visual impact. 
© As the name suggests. S-curve composition accentuates the sense of depth by 
arranging the subject to form the letter S. © Diagonal composition is another 


effective way to emphasise depth. A sense of depth and breadth is produced i 
orienting the space or subject diagonally. © Contrast composition is handy frn 
shooting multiple vehicles. By focusing on one of the cars and altering ilin 
size of the space it occupies, it is bettor able to stand out as the focus n 
the composition. 

The next concept you should get to grips with in order to give your photograph 
more accomplished feel is depth of field. Depth of field is the extenl of the area m 
front of and behind the focal point which remains in focus. Depth of field In 
determined by factors such as aperture value (F number), the focal length of Urn 
lens and the distance from which the photograph is taken. 



i Ini aperture of the lens is especially important. By lowering the aperture, the 
dcpilf of field is increased and the full extent of the field of view is more clearly 
l plByed. In contrast, decreasing the depth of field causes the background to 
ippeir blurred, allowing the subject to stand out better. 

aiici the depth of field of a telephoto lens is low, the blurred effect in front of and 
lurid the focal pojnt is exaggerated. If you want to make the car you are 
r iiilographing stand out, remember to increase Ihe aperture. If you want the 
> ii kground to appear sharper, you should reduce the aperture instead. 

IN Use of light is also an important factor. Professional photographers not only 
i insider basics such as composition, angle and reflections in the background and 
' .i'; they also carefully select their location based on light direction and colour, 
md determine the optimal placement for the car within thal location. In other 
worfls, whether it's morning, afternoon or evening, they take advantage of 
illlltl'ences in light throughout the day, including its position and the angle at 
which it shines. 


The cool, clear light of the morning, the gathering darkness of twilight and the 
lamp-lit glow of night-time can all conjure up very different feelings In 
photographs shot in the same location. 

Skilful use of filters is another ingenious way to make your photographs look more 
accomplished. Simply by using filters in colours such as blue, red, orange and 
yellow to alter the hue of the car and the background, you can completely 
transform the style of the photograph. 

A similar effect can also be achieved by experimenting with the camera's in-built 
white balance value. This differs from camera to camera, but common white 
balance presets include those calibrated for fine weathor, dull weather and 
fluorescent lighting. These can be used to mimic the hue-changing abilities of 
fitters. By developing a solid command of all of these techniques, you will become 
able to take more impressive pictures and will learn to enjoy photography 
even more. 



Fitters, which alter the frequencies of light that enter die lens, can be used to completely 
transform the atmosphere of. an image. They are particularly useful for giving a photo a 
particular mood or feel. 


uc depth of the area in front of and behind the focal point that remains m focus. Depth of 
ltd is determined by factors such as aperture IF numberj and the focal length of Ihe lens. 


This image avoids exposing the foreground to light, whilst making bold use or shadows, thus accentuating the glare on the car's body. 

_ . _ _ 
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Photo Mode 

Capturing a Car's Character 




> the background and the car 




Shooting from a low angle creates a feeling of intensity. It is also effective for making particular parts ot the car stand out 

























Photo Mode 

Capturing a Car's Character 


Staging a Dynamic Driving Scene. 

By stow ng the shutter speed (top-right) you can create a sense of speed. Conversely, by increasing the shutter 
: peed (bottom-right), both the subject end the background appear stationary. There is less intensity, but the imege 
uf the car is captured more clearly. 
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hdeX Photo mode 

17:3 Rato 1831 

| Angle of viev/ 1831 

| Aperture value IF-number] 1841 

|Background 182 | 

|Compos lien 1831 

| Contrast composition 1841 

| Depth ot field 1841 

| Diagonal composition 1841 

a—i 

|Fitter effects 1851 

| Focal length 1831 

| Height 1831 

[Location 1821 

| Low angle 1831 

[Reflections IBS | 

|Rute of Thirds . 1841 

|S-curve composition M | 

| Shooting area 1821 

| Shooting distance 1841 

| Shutter speed 1891 

| Subject 1BZ | 

| Telephotc tens 1631 

| Triangle composition 1841 

| Viewfinder 1831 

| White balance value 1851 

| White-balance presets 1851 

| Wide-angle tens 1831 
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Know Your Tracks 

































































Il!i 


Viewing Track Data 


This section introduces you to 16 of the many tracks available in Gran lorisrao, 5. The selection encompasses everything Irom famous real-world circuits and cooiks 
set in major world city centres to grueling dirt tracks, so there's something here tor everyone • no matter what year driving style._ 


Track layout. "START/GOAL" indicates the 
start/finish line. 


A brief description of the name and 
characteristics of the track. 


Specifies the track category The four variations are 
World Circuits Ireal-world circuit). Orig nal Circuits 
(Gran Turismo. original tracks). City Tracks turban 
based tracks) and Sncw / Dirt (unsurlaced and snow 
covered roads). 


The elevation variation over the length of the track, 
with the start at 0. The scale changes depending on 
the overall elevation difference of the track. 


Basic track data, including length, elevation 
difference, longest straight and number of corners 


A brief description of the track, »timq 
with strategies for conquering 11 





♦ This list describes just some of the tracks available. For the latest news on available tracks, visit www.gran-turismo.com 
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E Track Index 



USSBH• 

Hi 11 


An ultra-high-speed course consisting of 4 tong straights connected by 3 chicanes. 


Autodromo 
Nazionale di 
Monza 


Known, a? tt»e home of Ferrari, earii time 1 ihe.pt KaHan Graod 
PrixsMus around, die-hard tans tm around the glebed 
la fris credit, 8603^6 o(. its .long' fult-lhtotU&:$?cUftfli 
success comes riirtvri >0 tactics.through the cJiicwts and a 
good tdp; time requires driver- to find a w.ay to hdrtie 
thfough themas quickty as possible. Those brave enod|ii to 
mount the tretd on eitfeside may find iiiat it pays dividend 


CATEGORISE 


Humher of Comers 


Specifications 


5793 m 




14.31m 

10 


FINISH t 



Specifications 
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B Track Index 



TWs unique track offers something for everyone, from novice to pro. 


Daytona 

International 


This' fate track istocnled at Oaylona Beach in Florida. USX 
famous for NASCAR W the Daytona.24-Hotrr race. There are 
•two layouts: the Soper Speedway, a roughly 4km oval circuit 
Ydiich can be rrompieted entirety at fullthrottfe, and the Read. 
Course, which shores part of the oval hut also features more 
'.technical infield sections...This unique hack offers something 
for everyone, Hm novice to pro. ; - 


CATEGORISE 


Specifications 


DART 


FINISH 


15 ► 


4023 m 


01 '1 n 


Number u( Comers 


3 





Japan’s most well-known international racetrack, featuring a 15km straight. 


I CATEGORISE 


START/RNISH 


On? ef iapan's hest-knov/ii. 
coufses. the fuji Speedway • 
Mount Fuji;.Sfftce its npMun 
reputalidn as aft ultra h:|jl» m 1 
scones tif optnkir.g on Its t hi 
cotintiess-TariS, In: addition <u i 


:"5T; layipfipFtithe; W3y. succor" • 
make it'thrpiigh.thejntictd srrtton nl 
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The legendary oval track on which American motor racing was born. 


Opened In 1 W, this oyaUrack issteepw! in history and has 
been tire ktkdrop; against which (lie ddvelopme:ot o( 
-^mema's motor racing scene has been played out. it ploys 
host tosavh.rnaiQT£veutsa> the Indianapolis 50O:;Miie Race, 
ooo-of the world s three brgpest motor racing events-; Despite 
;Hs iOnifite .shape,the hiitks.Qi the corners; ate s h alloys > 


and drivers. In addiOdn to (lie Super Speedway, there Is also 
the Road Course; willr fts.tri'c.k)! infield section: 


CATEGORISE 



The most challenging ultra-tong course in the world, 

with a high average speed, and terrifying uphill and downhill blind comers. 

Nurburgring Nordschleife 



Hilrbiirgiing boasts3 tdfat lentjtli ol oppinxnn,n>'>, 
Ml corners and a elevation ilitlnn"" 
averse speqri seerns iirtpossiblo vvl>nn v"» • •« 
couitUesBhlmtaoers,wtdly umiui.n"n mi 
narrow track. rhete.is nfr escape zona •" '.ipi »ik " v 
■ eoiot it:.3fepi|tat.ion.;jS-.thn world's most flout m m 
: UT$ .often used track foi tpuilx » 

* toMutyto 11,1111 

being ^uihurgrinj'sMstest'. 


Specifications 


Numher of Corners 
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C Track Index 


n s oldest classic circuit, much loved by. the world's lop drivers. 

Suzuka 
Circuit 


SlART/flHiSH 


\ 



world's lop. drivefs, to: 1}? a serious challenge;,japan's ioldesi 
racetrack; ft was opened in 1962 and is c&ara&etisfid by its. 
. iigtyd of eightlayout, turning right in the first half aod/then 
left rp the.Second.' ph(t;intersecteii ir-id^ay.by an overpass 
■n addition to the Futt Course b.ased.on tho; Urge-scale 
modifications made in 2909 the £asi Short Course, which : 
. rakes a short cut.fr om the Oontop coionr to t 
straight is also available. 


Specifications 

Vertical 

Variation 

▼ START FINISH ▼ 


30 ► 


5807m 

_ _ ^ _ 

Longest Stiaijlit_H 


/ ^ \ ^ 


' ' \ 

40.0m 

-10 ► 

X / 


Number of Corners 


20 


-20 ► 


"tuniM 

(III 



Challenge The Stig! An original track from the:popular TV programme of the same name. 


ftiis.track features Iri the much-lovi'i w 
programme, Top/Seaf, A Sfriatt 2.8 km tr atk. spe 
Dunsfdd prodrome in ^lirfey. ftigland. I: is nm 
the programme tc test cars but also to stage v. 
such as -.‘Star inr a; Reasonably Priced Car" It 
simple figure of eight; which reusas a pmtitn- 
snd ovPratlp more of b gymkhana circull Ihut 
Myers here ah t#o:k iofWarcf to chnll. mji 
inysiefKMibtiij. . 


Longest Straight 


Elevation Difference 


CATEGORISt 


Numhei of Comers 


9 
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This Japanese benchmark circuit demands; technique over power. 


Tsukuba 

Circuit 



locgt^difiihe tranquility of the pastoral lands; surrounding 
... SiurntiIseiria dity in Ibaraki Prefecture,Japan, thilrace 
course stretches over 2km: Mol only dans it- host nnmcrons 
Jopdtic^-domestic races dml events, if is also renowned 3 $<i. 
teiKliftaik eneuit for testlng cof5 peitoi ftianne, and re often 
used to eotfet:data p; conduct various tests.: Its technical 
ttiyout Involves fwo/slraights linked bylhrid-; to tow-speed 
comers: and itsiconipaclaess« said to reduce tire impact of 
power differences q» lap times. 


Specifications 


Vertical 

Variation ▼ START 


Number of Cornets 


05 



This dynamic high speed come breaks into a ijJam hanked 
corner from a long, ^Itov home stfaigfef- ifesimpte layout, 
with only sixtdmem thfsijgHou.t its fetal fengttrlpf Akin, 
belies the capacity of each cornet $ escape velocity to 
drastically affect lap times. Parlicubify striking are the 
S-corner, which appears midway Jlisifeefeicllie fult-ttimnin 
section, and the final corner. Making effective rise of the 
track's width to acceletate sickly and generate escape 
velocity is key 
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Fpeus on maintaining a good racing tine and controlling your speed to overcome the blind-comers. 


London 


With a total length of ?km, this street course circles tourist 
attractions such as Piccadilly Circus and Irafalgar Square. 
Since att of the comers are blind, it is impossible to see the 
way ahead and drivers must.take : the ported tine add control 
their speed extremely accurately, indeed, although short in 
total length, comers of various diitcfent.speeds appear in 
quick succession. making it more involved than it looks. It is 
b. course host suited to compact cars with low-grip lyres. 


CATEGORISE 


Specifications 
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A higli-speed course characterised by medium- to high- 

Rome 


STARJ/fltilSH : 


corners and tough overtaking conditions. 


A 3 . 5 km city course which circles the: Roman Forum. the 
centre of ancient Rome. The edges of;the track ate brimming 
with world-famous structures such as the Colosseum and the 
Victor Emmanuel If Memorial.,This course is characterised by 
fast driving speeds and mid- to;hi§:h<speed corners. 
•The fesittiing degice of.difficulty ie'certaihiy on the tow sitio. 
but flvwtaking is uicky, viith just one point. where sudden 
deceleration is necessary . Asssniv?.nes.$ 1$ the key : lo 
reaching pote position. : ; - 


xf 







BSHMB 


Specifications 

Vertical 

Variation ▼ START 


FINISH ▼ 


Humber of Comers 


7 



Elevation Difference 
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A street course where mid- to high-speed corners lie in wait beyond a long Mt-throttle section; 


Tokyo 
Route 246 




m 



A Skm strfedt conn#, with j'apaB's Natitiiia* Route 246 in 
• Aoyanw,Tokyo, as Us tvsiherstfaight. It passes-by wett-known 
'City spots such as the Outer Garden of. the Heiji-Sfiriric; 
Akasaka ijoyouclii and Geihinkan. Based on long futl-throUle 
secitorts and mid- tubigthspeeif. corners, the average speed is 
high. Moreover, even though the road is wide, being a city 
Course; fhere-are lid; escape Jones, add drivers ate required ter 
etttrise precise cofiiWlv Overtaking isTliffitoU. with the tong 
; hoine : stra'fg!it andsthe'spproach to thd fi*si corner 



V 

Don t be footed by the majesticlandscape, this mountainous stage hides some tricky cornets. 

Eiger 

Nordwand 

This mountainous course js set on hilly terrain ih tliti v<inify 
of the KleineScheideggat the base of Eiger ^ordwand, one of 
• the world’s three biggest north faces. Despite the sprawling, 

. . majestic landscape, tight, undulating coiners appear in quick 
I - succession, resulting in aliimdish level of difficulty 

^ Moreover, the Jirst half Is. downhill while the • I Mi 

; is uphill, and since the fteijuency ul coinuis r, i, ■, , 

•. It : is dittfeott to establish momontmi' ImmIh.ii m . 


- ; a ctisractTeristjcaUy trirhy flavour Ohm u.m 

: on this track is th.il coiK nm«l inly in.-1 

than powei. 








































